
ARCHIVES 

OF 

INTERNAL MEDICINE 


EDITORIAL BOARD 

JOSEPH L MILLER, Chicago 

RICHARD C CABOT, Boston LOUIS V HAMMAN, Baltimore 

GEORGE DOCK, Pasadena, Calif WARFIELD T LONGCOPE, New York City 

W S THAYER, Baltimore 


Volume 32 
1923 


PUBLISHERS 

AMERICAN MEDICAL ASSOCIATION 
CHICAGO 




CONTENTS OF VOLUME 32 


JULY, 1923 NUMBER 1 

Metabolic Studies in Pernicious Anemia R R Gibson, PhD, and 
C P How \RD, M D , Iowa City 1 

Blood Pressures in Fifteen Thousand University Freshmen Walter 
C Al\ \.rez, AI D , Assisted by Rosalind Wulzen and LuaLLE J 
AIvhonea, S\n Francisco 17 

Blood Concentration Changes in Extensive Superficial Burns and 
Their Significance for Systemic Treatment Frank P Under- 
hill, Ph D , George L Carrington, M D , Robert ICapsinow, M D , 

AND George T Pack, MD, avith the Cooperation of Ephraim 
Shorr, AI D , Henry B Rollins, M D , Florence I Peterman, B S , 


AND Alice Dimick, A! S , Neav Haven, Conn 31 

Observations on One Hundred and Ninety-Two Consecutive Days 
OF the Basal AIet abolish, Food Intake, Pulse Rate, and Body 
Weight in a Patient with Exophthalmic Goiter Cyrus C 
Sturgis, AID, Boston SO 

The Effect of Alkalis on Gastric Secretion and Motility as Mea- 
sured BY Fractional Gastric Analysis Bruce C Lockaa^ood, MD, 

AND Hazen G Chamberlin, MD, Detroit 74 

Acute Lymphadenosis Compared aahth Acute Lymphatic Leukemia 
Hal Doaaney, PhD, and C A McKinlay", MD, Minneapolis 82 
Three Fatal Adult Cases of Malabsorption of Fat avith Emaciation 
AND Anemia, and in Taa^o Acidosis and Tetany Hermann L Blum- 
GART, I\I D , Boston 113 

Chylous and Psel dochylous Effusions A Report of Seven Cases 
^ il A Blankenhokn, MD, Cleveland 129 

The Causes of Turbidity in Milky' Ascitic Fluids M A Blanken- 
HORN, MD, ClEA ELAND 140 


AUGUST, 1923 NUMBER 2 

Water Intoxication Leonard G Roavntree, MD, Rochester, Minn 
The Benzoate Test FOR Renal Function II F B Kingsbury, Ph D , 
Minneapolis 

A Neav Method for Accurately Determining the Clotting Time of 
THE Blood Moritz F Petersen, MD, and C A Mills, MD, 

CiNCINN ATI 

The Induction of Preyiature Contractions and Auricular Fibrilla- 
tion by Forced Breathing Associated avith a Change in the 
Location of the Pacemaker Fred M Smith, MD, and Willson 
B Moody, M D , Chicago 

The Relationship of Excess of Uric Acid in the Blood to Eczema 
AND Allied Dermatoses Based on an 'Analysis of Over Tavo 
Hundred Cases Jay F Schamberg, MD, and H Broavn, B Sc , 
Philadelphia 

A Clinical Method for the Estimation of Protein in Urine and 
Other Body Fluids Marian C Shevky and D D Stafford, M A, 
San Francisco 


157 


175 


188 


192 


203 


222 



C0,\ TENTS OF VOLUME 32 


J 

AUGUST, 1923 — Continued PAGE 

Stldies of Divbetes Mellittjs II Results or TREATAIE^T b\ Diet 

A.DJUSTME^T WITH REFERENCE TO MAINTENANCE REQUIREMENT AND 
THE Ketogenic-Antiretogenic Balance William S McCann, 

MD , R R Hannon, MD, William A Perlzweig, PhD, and 
Epna H Tompkins, AB, Baltimore 226 

Some Interesting C^ses of Calcareous Degeneration Found in the 
Thorax J S Pritchard, MD, Battle Creek, Mich 259 

OBSERVA.TIONS ON SaLT IN VaSCULAR HYPERTENSION JaMES P O’HaRE, 

M D , -^ND William G Walker, M D , Boston 283 

Specific Tests in the Diagnosis oi Allerga W W Duke, MD, 
Kansas Cita, Mo 298 

SEPTEMBER. 1923 NUMBER 3 

The Mechanism of Production of Breath Sounds P Martini, MD, 
Munich, German a 313 

Sensitization Tests whth Digestive Products of Protein I Chandler 
Walker, MD , Arthur S Wetmore, and June Adkinson, AM, 
Boston 323 

The Vital Capacita of the Chinese An Occupational Studa John 
H Foster, MD, and P L Hsieh, MD, Changsha, China 335 

Blood Sugar Reaction Folloaving Intravenous Injection of Glucose 
L G Rigler, M D , AND H L Ulrich, M D , Minneapolis 343 

Experiments whth Hodgkin’s Disease An Attempt to Produce It in 
Anthropoids and Other Monkeys W F Cunningham, MD, and 
Kenneth McAlpin, MD, New York 353 

The Size of the Heart in Pneumonia A Teleroentgenographic 
Studa, with Observations on the Effect of Digitalis Therapa 
Robert L Leva, MD, New' York 359 

Definition of Heaiolatic Streptococcus Parasitism in the Upper Air 
Passages of Healthy People Arthur L Bloomfield, M D , and 
Augustus R Felta, MD, Baltimore 386 

Studies on Liver Function Rose Bengal Elimination from the 
Blood as Influenced by Liver Injury G D Delprat, Jr, MD, 

San Francisco 401 

The Basal Metabolism During Pregnancy and the Puerperium 
Howard F Root, MD, and Hester K Root, Boston 411 

Toxic Nephritis in Paloric and Duodenal Obstruction Renal Insuf- 
ficiena Complicating Gastric Tetany George E Brown, MD , 
George B Eusterjian, M D , Howard R Hartman, M D , and 
Leonard G Row'ntree, MD, Rochester, Minn 425 

A Clinical Report on Acute Cases of Mercuric Chlorid Poisoning 
L C Gatew'Ood, M D , AND Arthur F Byfield, M D , Chicago 456 
Studies in Familial Neurosaphilis HI Conjugal Neurosaphilis 
(Second Communication) Joseph Earle Moore, M D , and Jarold 
E Kemp, M D , B altimore “J 464 

OCTOBER. 1923 NUMBER 4 

B ACTERIOLOGIC ObsERAATIONS ON AcUTE TONSILLITIS W'lTH REFERENCE TO 
Epidemiologa and Susceptibility Arthur L Bloomfield, M D , 

AND Augustus R Felty, MD, Baltimore 483 

Electrocardiographic Changes Following Occlusion or the Left 
CoRON ARA Artera Fred M Smith, M D , Chicago 497 



CONTENTS OF VOLUME 


OCTOBER, 1923 — Continued Page 

Studies oa’ the Rvbbit’s Heart I ErrEcx of Strophaathia oa the 
Size or the Normal aad or the Abnormal Heart G F Strong, 

Jvl D , Vnacouver, B C, and Burgess Gordon, M D , Spokane, W\sh 510 
Studies oa the Rabbit’s Heart II Errncr or Vigorous Exercise on 
the Size or the Normal and the Abnormal Heart Burgess 
Gordon, MD, Spokane, Wash, and G F Strong, MD, 

V ANCOUVER, B C ’ ’ 

Giardia Iatestinalis Inpection Edward Hollander, MD, New York 522 
Gonorrheal Maelitis Frank M Phifer, MD, and N K Forster, 

M D Chicago ’ jjq 

Maiigaaai La aiphom a (Hodgkin’s Disease) A Radiographic Studa 
Lester R Whitaker, MD, Cambridge, Mass 538 

CiiNiCAL AND Roentgenologic Studa^ or One Hundred and Five 
Cases or Saphilis avith Reperence to the Cardiovascular 
Sastem Edward STEiNriEUD, MD, George E Pfahler, MD, 

AND Joseph V Klauder, MD, Philadelphia 556 

The Influenza Epidemic at Camp Devens in 1918 A Study or the 
Pathologa or the Fatal Cases S Burt Wolbach, MD, and 
Chanaiag Frothiagham, MD, Boston 571 

Observations oa Changes in the Size and Shape or Hearts During 
the Progress oi Compensation J C Friedman, MD, and Sidaea 
Strauss MD, Chicago 601 

Obsera atioas on ihe Iafluencl or Pituitara Extract on the Metab- 
olism IN Di abeti s Insipidus James F Weir, M D, Rochester, 
I^IlNAESOTA 617 

Gastroscopy in Thirta Cases or Gastric Neoplasm R Schindler, 
I^IUNiCH, Germ ANA 635 

NOVEMBER, 1923 NUMBER 5 

General Rei ation Between Susceptibility and Physiologic Condi- 
tion C I^I Child, ]\I D , Chicago 647 

Gastric Ulclr and Achiorhadria J R Bell, MD, London, Eng 663 
Clinical Observations on the Dynamics of Ventricular Sa'stole 
I Auricular Fibrillation L N Katz, MD, and H S Feil 
:\1D, CiEA eland 672 

Lamblia (Giardia) Ini ection Associated with Cholecastitis Report 
or A Case Treated whth Neo-Arsphenamin J L Kantor, MD, 
New York 693 

A Studa or the Basal and Nitrogenous Metabolism in a Case or 
Acute Leukemia During Roentgen-Ray Treatment W G 
Lennox, MD, and J H Means, MD, Boston 705 

Mel anuria Without Melanosarcoma Report of a Case J P 
Peters, MD, New Haven, Conn 709 

The Value of the Electrocardiograph in Prognosis W A Bloedorn, 
AID, and L j Roberts, MD, Washington, DC 718 

Experimental Iniectious Streptococcus Endocarditis and Its Arsen- 
ical Therapa (Sodium Cacodylate) J A Baegea% MD, Chicago 727 
The Complications or Staphylococcus Focal Infections Laird M 

Morris, MD, San Francisco 746 

A Contribution to the Biochemistry and Treatment of Chronic 
Nephrosis (Epstein) I M Rabinowitch, MD, and M C C _ 
Childs, MD, Montreal, Canada 758 



CONTENTS OF VOLUME 32 


NOVEMBER, 1923 — Continued page 

A STLD-i or THE Blood Oxygen in Diabetes Mellitus S B Grant, 

M D , Boston 764 

Gastric Secretion in Response to Duodenal Feeding A L Garb at, 

M D , New York 771 

Digitalis Elimination Harra Gold, MD, New \ork 779 

Observations on the Effects of Insulin in the Treatment of 
Diabetes Mellitus I M Rabinowitch, MD, Montreal, Canada 796 

DECEMBER. 1923 NUMBER 6 

The Iaiportance or Olr Knowledge or Thyroid Phasiologa in the 
Control of Tharoid Diseases David Marine, MD, Nem York 811 
Elective Localization in the Eye or Bacteria from Infected Telih 
Russell L Haden, MD, Kansas Cita, Mo 828 

Renal Injury Produced in Rabbits ba Diets Containing Meat L H 
Newburgh, MD, and Sarah Clarkson, MS, Ann Arbor, Mich 850 
Periarteritis Acuta Nodosa W Ophuls, San Francisco 870 

The Bacteriophage in the Treatment of Infections Earl B 
McKinley, M D , Dallas, Texas 899 

Subacute Bacterial Endocarditis Due to a Hemolntic Hemophilic 
Bacillus Report of a Case C Philip Miller, AI D, and Arnold 
Branch, MD, New York 911 

The Urea Concentration Factor in the Estimation of Renal Erri- 
ciencn I M Rabinowitch, MD, Montreal, Canada 927 

Treatment b\ Splenectomi of Essential Thromboc'itopema (Pur- 
pura Hemorrhagica) N E Brill, AID , AND N Rosenthal, AI D , 

New' York 939 

Blood Counts in Hodgkin’s Disease Report or a Case Kenneth 
R McAlpin, A1 D , New^ York 954 

The Etiologic Relation of Achylia Gastrica to Combined Sclerosis 
OF the Spinal Cord The Relief or Symptoms Following 
Adequate Hydrochloric Acid Therapy Douglas Vanderhoof, 
MD, Richmond, Va 958 

Book Review's 972 



Archives of Internal Medicin 


VOL 32 


JULY, 1923 


No 1 


METABOLIC STUDIES IN PERNICIOUS ANEMIA 
R B GIBSON, PhD and C P HOWARD, MD 

IOWA CITY 

It should require considerable couiage to add to the voluminous 
literature on the pathogenesis and chemistry of the so-called idiopathic 
pernicious anemia of Addison and Biermer Our excuse is a threefold 
one — first, to investigate with the aid of modern microchemical methods 
the metabolism of the blood lipoids as of probable diagnostic if not of 
etiological significance, second, to determine the nitrogen metabolism’ 
both in regard to its diagnostic as well as its prognostic value , and, 
third, to test the efficiency of Whipple’s high iron diet when given to 
patients suffering from idiopathic anemia 

We have had the opportunity to study eleven cases of pernicious 
anemia, several of which have been available for considerable periods 
of time or during subsequent admissions As controls, and in order to 
obtain comparative data on the anemias, four additional cases have been 
employed, a case of aplastic anemia with von Recklinghausen’s disease, 
a pregnancy anemia, a hemolytic icterus case, and a splenic anemia. 

1 GENERAL PROCEDURE 

Each patient, after the usual clinical and laboratory investigation had 
established definitely the diagnosis, was transferred from the general 
medical waid to the special metabolic unit There were available a 
special dietitian and two graduate nurses experienced in metabolic work. 
In this way a reasonable assurance can be given that the food intake 
and urine and fecal collections were carefully controlled 

Two diets have been employed in all except our earliest metabolic 
runs These included fruits, green vegetables, lima beans, sweet pota- 
toes, egg yolk and livei (daily), the constituents being selected to 
proMde a ration iich in iron, and relatively low in fat Diet 1 contained 
10 64 gm nitrogen and 45 6 mg non (by Wolter’s modification of 
Neumann’s method and yielded about 1900 calories Diet 2 con- 
tained 12 04 gm nitrogen, 26 9 mg iron, and was equivalent to about 

=*'From the Medical Clinic and the Research Laboratory of the Medical 
Clinic of the University Hospital, the State University of Iowa 

1 Wolter, O Ueber das Harneisen I Die Bestimmung des Eisens m 
Harn, Biochem Ztschr 24 108-124, 1910 
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1,500 calories This diet was planned for patients who could not 
consume completely the previous diet, or it was used increased by half 
at other times Correction was made for extraneous iron in charcoal 
given to differentiate stools and in a yeast vitamin preparation used 
Food not consumed was analyzed, and allowance made accordingly 
While the iron values we have obtained for these diets are higher than 
the calculated values from the commonly available food tables, our 
figures were checked on diets prepared at different times and by several 
analysts , iron determinations on the urine and stools were made by the 
same method An adequate vitamin supply and sufficient cholesterol, 
which IS easily absorbed (Knudsen^) are provided in such a ration, 
cholesterol may have especial significance because of the low blood 
content of this substance in pernicious anemia along with its known 
antihemolytic action The diets, in a way, are in accord with Thomp- 
son’s recommendations ® with a consideration of the work of Whipple 
and his associates on blood regeneration 

Blood samples for the study of the blood and plasma lipms were 
taken at the beginning and conclusion of the metabolic periods, and at 
such other times as the blood counts or the clinical course of the cases 
made further observations of interest 

Further details as to procedure will be given in the appropriate 
sections of this paper 

2 PLASMA AND BLOOD LIPINS WITH ESPECIAL REFERENCE TO 
lODIN ABSORPTION VALUES IN PERNICIOUS ANEMIA 

The investigations of Schaumann,^ Tallquist “ and Faust ® on the 
lipoid hemolytic substances of Botlmocephahis latus have had a 
profound influence on our views as to the origin of pernicious anemia 
These investigators apparently proved conclusively that the active hemo- 
lytic substance is oleic acid (present in the worm as the cholesterol 
ester which made up 10 per cent of the solids of the proglottides of 

2 Knudson, A Relationship Between Cholesterol and Cholesterol Esters 
in the Blood During Their Absorption, J Biol Chera 45 255-262, 1921 

3 Carter, H S , Howe, P E, and Mason, H H Diet in Blood Diseases, 
Nutrition and Clinical Dietetics, Philadelphia, Lea & Febiger, Ed 2, 1921, 
p 536 

4 Schauman, O , and Tallquist, T W Ueber die blutkoerperchenaufloe- 
senden Eigenschaften des breiten Bandwurms, Deutsch med Wchnschr 24 
312-313, 1898 

5 Tallquist, T W Zur Pathogenese der perniziosen Anaemie nut bes 
Beruecksichtung der Bothnocephalusanaemie, Ztschr f klin Med 61 427-532, 
1907 

6 Faust, E S , and Tallquist, T W Ueber die Ursachen der Bothrio- 
cephalusanaemie. Arch f exper Path u Pharmacol 57 367-385, 1907 

Faust, E S Ueber chronische Oelsaurevergiftung, Arch f exper Path u 
Pharmacol Suppl Vol 1908, pp 171-175 
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the parasites) The “hpoid substance” was strongly hemolytic in vitro 
When injected into dogs and rabbits, it gave rather disappointing results, 
producing only a mild and transitory anemia of the secondary type , 
m fact, the anemia was so slight as to be attnbutable by impartial critics 
of the protocols to inanition and anorexia following- the administration 
of any toxic substance Further, it was discovered by Schmincke 
and Flury ' that the dog’s red cells acquired an immunity in vitro as well 
as m VIVO to the hemolytic action of oleic acid It is true that two years 
later Adler ® reported the production in rabbits of blood crises resemb- 
ling those of pernicious anemia by feeding nontoxic amounts of olive 
oil and cottonseed oil, both of which are, needless to say, rich m unsatu- 
rated fatty acids A careful study of Adler’s protocols, however, leaves 
one as nonenthusiastic, if not as entirely unconvinced, as did those of 
Faust and Tallquist Joannovics and Pick ° also attempted to explain 
hemolytic anemia by oleate hemolysis They showed that as the result 
of subacute toluylendiamm poisoning m the dog, the ether soluble 
hemol3rtic substance (chiefly oleic acid) is increased in the liver to at 
least forty or fifty times the normal They also found in acute 
yellow atrophy and m phosphorus poisoning in man and animals that 
hemolysins of great activity could be obtained from the liver and that 
fatty acids could be found in large quantities in the blood They 
explained the hemolytic effects of liver extracts in these conditions as 
due to the unsaturated fatty acid content 

Beumer and Burger, from their studies of the blood m perniaous 
anemia, chlorosis, leukemia and icterus, considered that the quantitative 
relations of the lipoids in the serum and corpuscles were of significance 
They do not consider it definitely proven that the gastro-intestinal 
mucosa contains lipoids capable of producing anemia 


7 Schmincke, A, und Flury, F Ueber das Verhalten der Erythrocyten 
bei chronischen Oelsauerevergiftung, Arch f exper Path u Pharmakol 64 
126-140, 1911 

8 Adler, H J The Experimental Production of Pernicious Anemia in 
Rabbits, J M Research 23 199-226, 1913 

9 Joannovics, G. and Pick, E P Beitrag zur Kenntniss der Toluyl- 
endiaminvergiftung, Ztschr f exper Path- u Therap 7 185-214, 1909 

10 Joannovics, G, and Pick, E P Ueber haemolytischwirkende freie 
Fettsaueren in den Leber bei akuten gelber Atrophie und Phosphorvergiftung, 
Berl klin Wchnschr 47 928-930, 1910 

11 Buerger, M , and Beumer, H Zur Lipoidschemie des Blutes I Ueber 
die Verteilung von Cholesterm, Cholestennestern und Lecithin m Serum, Berl 
klin Wchnschr 50 112-114, 1913 

Beumer, H , and Buerger, M II Ueber die Zusammensetzung der Stromata 
menschhchen Erythrocyten mit besonderer Beruecksichtigung der 
Lipoide, Arch f exper Path u Pharmak 71 311-328, 1913 

Beumer, H , and Buerger, M Beitraege zur Chemie des Blutes in Krank- 
heiten rnit besonderer Beruecksichtigung der Lipoide III Mitteilung, 
Ztschr f exper Path u Therap 13 343-361, 1913 
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McPhedran has demonstrated in a very convincing manner that 
the idea that toxic hemolysis in disease, in poisoning by phosphorus or 
toluylendiamin results from the liberation of specially hemolytic fatty acids 
from the fatty complexes of disintegrating cells is not well supported by evi- 
dence, none of the fatty acids, still less any of the fatty complexes from which 
these acids can be obtained in any of the organs examined, either in this work 
or in the work of others that has preceded it show on analysis any evidence for 
the existence of fatty acids more toxic than the common oleic acid which is 
constantly being set free by hydrolysis from common fat in health 

More recently Seyderhelm has shown that it is not the lipoid 
fraction of the gastrophilus larvae (present in the stomach of the horse) 
nor of the bothriocephalus proglottis that is hemolytic in the body 
of the host, the alcoholic precipitate, however, is strongly hemolytic 
to the red cells of rabbits when introduced parenterally, though inac- 
tive m vitro The composition of this blood poison is not given by 
Seyderhelm, but he has named it according to its origin “oestrin” and 
“bothriocephahn ” 

Finally, Beumer has again tested out the hemolytic action of oleic 
acid by feeding young dogs (3 weeks old) in the belief that they might 
be more susceptible As a matter of fact, the two dogs so tested 
revealed no anemia 

However, before the necessary time had elapsed to permit of the 
repetition and control of Faust and Tallquist’s experiments, attempts 
were repeatedly made to assign the phenomena of idiopathic anemia to 
the presence of a powerful hemolysin circulating in the body presumably 
of a nonsaturated fatty acid nature Consequently, the attention of 
the clinical investigators was directed to the study of the lipoids of 
the blood Eppinger in collaboration with King and Medak 
reported an increase in the total blood fats above the normal, while the 
free cholesterol was decreased to varying degrees “The striking finding 
however, was the very high value for the lodin numbers It is sig- 
nificant that the blood with the highest lodin number showed the lowest 
value in free cholesterm” (King) While the findings of Eppinger, 
King, and Medak as regards the low cholesterol figures have been sub- 

12 McPhedran, W F On the Hemolytic Properties of Fatty Acids and 
Their Relation to the Causation of Toxic Hemolysis and Pernicious Anemia, 
J Exper Med 18 527-542. 1913 

13 Seyderhelm, R Zur Pathogenese der pernizioesen Anaemia, Deutsch 
Arch f klin Med 126 95-147, 1918 

14 Beumer, H. Zur pathogenetischen Bedeutung der Oelsauere bei 
Anaemien, Biochem Ztschr 95 239-248, 1919 

15 Eppinger, H Zur Pathologic der Milzfunktion (I Mitteilung), Berl 
klin Wchnschr 50 1509-1512, 1572-1576, 1913 

16 King, J H Studies m the Pathology of the Spleen, Arch Int Med 14 * 
145-167 (Aug ) 1914 

17 Medak, E Beitrag zur Chemie des Blutes bei anaemischen Krank- 
heitbildern, Bioch Ztschr 59 419-428, 1914 
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stantiated by FeigP® and by Rosenthal and Holzer^” in Geimany, and 
by Csonkaj"° Bloor and MacPherson/’- Denis and Kipp in America, 
their conclusions have not escaped the ciiticisni of Feigl and of 
Rosenthal and Flolzer as one might expect from McPhedran’s observa- 
tions previously quoted The mam cause foi criticism is the high lodm 
number foi the blood fat found by Eppinger et al However, if one 
takes into account the definite statement that the lodin values aie 
multiplied by ten with the piobable purpose to establish a pro mille 
basis, then figuies aie not actually high as compared with those of 
othei obseiveis Yet one must admit that Eppinger et al considered 
them abnoimally high and stated that their results “suggested that 
hemol5'^sis was due to the unsatuiated fatty acids ” At the beginning of 
otii woik, we felt in accoid with Bloor and MacPheison who wrote that 
While the results offer no certain evidence that abnormalities in the blood 
lipoids are responsible for anemia, the low values of the cholesterol, which is 
an antihemolytic substance, and the high fat fraction, which miay indicate the 
piesence of abnormal amounts of hemolytic lipoids in the blood, are possible 
causative factors, of which further investigation is desirable 

We have made lodin absoiption, fatty acid and cholesterol determina- 
tions on the whole blood and plasma in our series of cases For the 
lodm values, one of us (Gibson) has adapted the Planus method for 
micro-analysis, using the filtiates from the Bloor blood fat extraction 
after the fat and cholesterol (Autenrieth and Funk) have been deter- 
mined We have thus been able to obtain figures for the nonsaturated 
fatty acid groups at moie frequent mteivals than if we had to employ 
large quantities of blood foi the usual deteimination of the lodm 
numbei 

Three cubic centimeters of whole blood or plasma are exti acted with alcohol- 
ether mixture and the filtrates made up to 100 c c as m Bloor’s method Duplicate 
extractions are made Ten cubic centimeters from each extraction are used for 
nephelometric determination of the blood fat, and 10 c c more for the cholesterol 
The 80 c c remaining are evaporated m a glass dish on the steam bath, and 
removed just as dryness is reached The residues are washed three times with 
10 c c of chloroform, each time pouring through small filters into 100 c c 


18 Feigl, J Ueber das Voikommen und die Verteilung von Fetten und 
Lipoiden in menschlichen Blute bei toxaeinischen (haematmaemischen) Krank- 
heitrustacnden, Bioch Ztschr 93 257-288, 1919 

19 Rosenthal, F, und Holzer, P Beitraege zur Cheinie des Blutes bei 
anaemischen Krankheitzustaenden, Biochem Ztschr 108 220-234, 1920 

20 Csonka, FA A Critique of Certain Data on the Content of Cholesterol 
and Fatty Substances in the Blood, etc, J Biol Chem 24 431-438, 1916 

21 Bloor, W R, and MacPherson, D J The Blood Lipoids in Anemia, 
J Biol Chem 31 79-95, 1917 

22 Denis, W Cholesterol in Human Blood Under Pathologic Conditions, 
J Biol Chem 29 93-110, 1917 

23 Kipp, H A The Effect of Whole Blood Transfusion on the Cholesterol 
Content of 'Human Serum in Pernicious Anemia, J Biol Chem 43 413-420, 
1920 
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Ehrlenmeyer flasks The flasks are then placed on the steam bath and 
evaporated just to dryness, so that when removed from the bath enough 
chloroform condenses within the flask to take up the fat residues One c c of 
chloroform is added to each flask and to three control flasks, 2 c c exactly of 
Hanus’ lodm solution is introduced into each one of the series, the contents 
thoroughly mixed by rotating, corked and placed in a dark locker for one 
hour Fortieth normal sodium thiosulphate solution is used for the titration 
after adding 0 5 c c of 15 per cent potassium lodid solution and 10 c c of 
water, with starch paste employed as an indicator toward the end of the titra- 
tion in the usual way The titration difference X 0 305 divided by the grams 
of fat in the alcohol-ether extract used equals the lodin number The lodin 
absorbed per 100 c c of blood may be taken as an indication of the non- 
saturated fatty acid groups present 

We did not find, as did King and also Bloor, abnormally high blood 
fats in our pernicious anemia cases (Table 1) In fact, very low blood 
and plasma fat contents accompanied the severe anemic condition in 
Cases 1, 4, 10 and 11, and these were increased with improvement in the 
blood picture Very small fat figures have been found in pernicious 
anemia (two cases studied) by Denis also The low blood fats seem 
to be associated with higher lodin numbers in the pernicious anemia 
cases, though the amounts of the unsaturated fatty acid groups as 
evidenced by the total lodin absorbed were small Case 7, with a red 
blood cell count of less than one million and a hemoglobin of 25 per 
cent , had a normal fat, lodin number of 64, and the lodin absorbed 
was 0 43 gm per 100 c c of blood , very similar figures obtain for 
Case 6 with an anemia of mild degree only The highest concentration 
of nonsaturated fatty acid groups (0 86 gm ) appears in the aplastic 
anemia case (Case 12) in the analysis of the whole blood sample for 
March 7 

Blood and plasma cholesterol figures were low in the pernicious 
anemia cases with pronounced anemia, and tended to increase to normal 
as the blood regenerated High cholesterol figures were found for 
Case 6, a patient with marked cord changes, but with a mild degree of 
anemia only Three out of the four pathologic control cases (Cases 
12, 13 and 14) showed a normal or high cholesterol, it is of particular 
interest that the fourth control (Case 15), a case of splenic anemia, 
had low plasma and blood cholesterol figures 

We consider that our results are in accord with Feigl's as well as 
Rosenthal and Holzers’ observations 

While our results indicate that an increase in the unsaturated fatty 
acids in the blood cannot be a factor for hemolysis in pernicious anemia, 
the problem has been attacked in a different way Recently Ashby®'’ 

24 Denis, W The Influence of Splenectomy on Metabolism in Anemia, 
Arch Int Med 20 79-92 (July) 1917 

25 Ashby, W Study of Transfused Blood, J Exper Med 34 127-146, 
147-166, 1921 
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Pernicious 

3/19/20 

2,000 

50 







058 

87 

a Ra 

anemia 

10/12/20 

93{/ 

25 






0 07 

0 53 

41 

0 22 


10/16/20 

060 

18 






0 03 

0 35 

53 

019 


12/10/20 

2900 

70 


017 

063 

59 

0 40 

1 




2 M’d 

4/19/20 

1,970 

1 

66 






i 

015 

050 

73 

036 

Pernicious 













anemia 













S Mn ' 

4/10/20 

2,400 

70 

j 

i 



j 

018 

1 

0 51 

88 

045 

Pernicious 













anemia 











1 


4 Mat 

12/ 9/20 

1,290 

30 

9 91 

OH 

0 25 



015 

0 29 

95 

0 27 

Pernicious 

12/22/20 

1,980 

40 

21 79 

015 

063 

53 

0 33 


0 45 

60 

0 27 

anemia 

1/ 8/21 

1,790 

47 

30 70 

017 

0 55 

60 

0 33 


0 49 

73 

0 35 


1/24/21 

2,640 

78 

33 67 

021 

060 

51 

0 26 






2/ 1/21 

3,170 

65 



1 



026 

0 58 

56 

032 


3/ 7/21 

3,120 

80 

30 70 

019 

050 

88 

044 

0 22 

060 

73 

0 44 

6 Baugh 

1/18/21 

3,080 

74 

30 70 

019 

0 67 

30 

020 


1 



Pernicious 

2/ 7/21 

j 2,910 

70 


, 016 

050 

66 

1 028 

, 018 

, oeo 

65 

0 39 

anemia 





1 




1 

1 

1 



6 Blbg 

1/25/21 

4 030 

85 

40 60 

0 27 

0 70 

40 

0 28 





Pernicious 

2/ 1/21 

4,520 

92 



i 



0 28 

0 67 

66 

0 44 

nnemn, 

3/ 7/21 

4,290 

100 

46 54 

0 25 

081 

65 

0 53 

0 29 

0 70 

68 

0 47 

splenectoin\ 

5/10/21 

: 4,800 

100 

, 45 55 

0 29 

065 

, so 

0 52 

1 0 32 

0f5 

94 

0 54 


8/10/21 

! 5,280 

1 

95 


0 31 

068 


050 

0 27 

0 70 

88 

062 

7 TV 

3/22/21 

990 

25 

11 89 

014 

0 53 

75 

0 41 

016 

067 

64 

0 43 

Pernicious 


1 











anemia 









i 

1 



8 Dug 

10/22/21 

2,020 

54 

32 68 

0 21 

0 67 

1 95 

0 65 

018 

060 

107 

064 

Pernicious 

10/30/21 1 

3 200 

68 


016 

0 67 

81 

054 

019 

063 

80 

0 50 

anemia 

11/ 7/21 1 

3 ISO 

70 

38 62 

016 

0 67 

71 

0 48 

019 

058 

S6 

050 


11/29/21 

4 050 

80 

42 58 

0 21 

089 

71 

0 41 

0 25 

060 

i 87 

0 52 

9 Mill 

11/ 7/21 

2,180 

50 

36 64 

021 

0 64 

82 

0 49 

0 20 

0 46 

109 

030 

Pernicious 

11/15/21 

2,210 

5\; 


019 

0 52 

86 

0 40 

0 20 

0 46 

85 

1 0 44 

anemia 

11/22/21 

2,790 

65 

39 61 

016 

0 51 

70 

0 41 

023 

0 65 

a 

1 0 46 


11/29/21 

2,820 1 

K 


1 016 

i 0 57 

89 

0 61 

017 

0 62 

1 82 

1 

1 0 51 

10 Sch 

12/ 5/21 

925 j 

23 

17 83 

009 

0 35 

101 

0 36 

014 

0 47 

77 

0 36 

Pernicious 

12/12/21 

1,410 

35 

25 75 

on 

0 37 

85 

032 

017 

0 34 

101 

0 35 

anemia 

12/19/21 

2,620 

56 

26 74 

, 0 20 

055 

78 

( 0 43 

j 017 

J 054 

t 

042 

11 Han 

3/30/22 

1,110 

26 

13 87 

0092 

0 35 

65 

023 

016 

0 38 

63 

0 24 

Pernicious 

4/ 3/22 

1,020 

30 

18 82 

014 

0 39 

99 

0 40 

018 

068 

65 

0 44 

anemia, 

4/ 7/22 

2,200 

44 

21 79 

; 016 

0 41 

89 

0 30 

015 

0 35 

108 

0 88 

syphilis 








1 



i 

i 

12 Boy 

12/22/20 

3,600 

45 


0 30 

0 50 

€0 

0 33 


0 62 

63 

0 41 

Aplastic 

2/ 7/21 

3,590 

40 


0 20 

0 62 

47 

0 29 

0 21 

077 

54 

0 42 

anemia 

3/ 7/21 

4,320 

65 

33 67 

i 0 33 

0 72 

76 

0 54 

044 

090 

93 

086 

13 CooL 

3/ 1/21 

i 1,690 

40 

16 84 

0 21 

0 57 

80 

i 0 47 

0 27 

058 

1 82 

0 48 

Pregnancy, 

3/ 6/21 

1,320 

45 

19 81 

019 

0 39 

94 

0 36 

0 22 

0 44 

84 

0 37 

anemia 

3/18/21 

2,550 

43 

21 79 

0 20 

0 52 

70 

0 36 

i 0 24 

058 

71 

0 43 

14 He] 

2/17/21 

4,444 

92 

48 52 

029 

064 

83 

0 53 

038 

0 65 

90 

0 59 

Hemolytic 





1 

1 





1 


icterus, 




i 




i 





splenectomy 




1 




1 





15 Plom 

12/ 5/21 

2,600 

40 

20 80 

009 

0 44 

70 

0 40 

015 

0 54 

73 

0 40 

Splenic 

12/10/21 


32 

18 82 

009 

031 

92 

( 029 

1 010 

I 0 34 

84 

0 29 

anemia 

12/17/21 

1,480 

SO 




i 

! 


i 
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Studied the length of life of transfused corpuscles m pernicious anemia 
and concluded that there was no hemolytic toxin producing the anemia 
in this disease Wearn, Warren and Ames have confirmed Ashby’s 
experimental observations, though conservatively questioning her con- 
clusion They have found also in a single observation that red blood 
corpuscles from a patient with pernicious anemia when transfused into 
another patient with pernicious anemia behaved as did the corpuscles 
from normal donors 

3 NITROGEN AND IRON BALANCES AND THE NITROGEN 

PARTITION 

Metabolic studies on pernicious anemia were first directed to the 
nitrogen balance Neither von Noorden^’ nor Halpern-® was able to 
show that protein catabolism was increased characteristically in this 
condition, while Rosenquist found periods m which increased nitrogen 
excretion and retention alternated According to Mohr,®° a nitrogen 
retention may obtain in some cases even on a low protein intake, and 
m others a loss of nitrogen may be observed when a high protein diet 
is given , the nitrogen exchange is not dependent on the diminution of 
the hemoglobin The difficulty in obtaining nitrogen balances is evident 
in the later contributions on the anemias with or without splenic disease 
(Umber, Minot, McKelvey and Rosenbloom,®® Goldschmidt and 
Pearce,®^ Goldschmidt, Pepper and Pearce,®® Pepper and Austin®®) 


26 Wearn, J T , Warren, S , and Ames, O The Length of Life of Trans- 
fused Erythrocytes in Patients with Primary and Secondary Anemia, Arch 
Int Med 29 527-538 (May) 1922 

27 Cited by Strauss, H Der Emfluss der Blutkrankheiten auf die Eiweiss- 
zersetzung der Punnkoerper und Salzstoffwechsel, v Noordens Handb d 
Path u Stoffwechsels Berlin, A Hirschwald, 1 891-895, 1906 

28 Halpern, M Zur Frage der Stickstoffvertheilung im Harn in patholog- 
ischen Zustaenden, Ztschr f klin Med 50 355-376, 1903 

29 Rosenquist, E Ueber den Eiweisstoffwechsel bei der pernicioesen 
Anaemie, Ztschr f klin Med 49 193-320, 1903 

30 Mohr, L Gesamtstoffwechsel bei Anaemien, Kachexien, u s w Handb 
d Biochem d Menschen u d Thiere Jena, G Fischer, 4 381-392, 1910 

31 Umber, F Zur Pathogenese der Bantischen Krankheit mit besonderen 
Beruecksichtung des Stoffumsatzes, u s w , Ztschr f klin Med 55 289-314, 
1904 

32 Minot, G R Nitrogen Metabolism Before and After Splenectomy, 
etc , Bull Johns Hopkins Hosp 26 338-342, 1914 

33 McKelvy, J P , and Rosenbloom, J Metabolism Study of a Case of 
Hemolytic Jaundice, etc , Arch Int Med 15 227-238 (Feb ) 1915 

34 Goldschmidt, S , and Pearce, R M Studies of Metabolism in the Dog 
Before and After Removal of the Spleen, J Exper Med 22 319-331, 1915 

35 Goldschmidt, S , Pepper, OH P, and Pearce, R M Metabolism 
Studies Before and After Splenectomy in Congenital Hemolytic Icterus, Arch 
Int Med 16 437-455 (Sept ) 1915 

36 Pepper, O H P , and Austin, J H Metabolism Studies Before and 
After Splenectomy in a Case of Pernicious Anemia, Arch Int Med 18 131-135 
(July) 1916 
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though slight uitiogen letention may occur Positive nitrogen balances 
aie indicated in Denis’ series of anemia cases, both before and after 
splenectomy , the diet was high caloried but low in protein Mosenthal 
leadily obtained a favorable nitiogen balance with improvement in the 
blood picture for thiee cases of pernicious anemia and one case of 
secondary anemia when given high pi olein and energy diets 

Von Nooiden found a lower peicentage of the total nitiogen excre- 
tion as uiea nitrogen foi some cases, though he cites higher figures 
fi om earlier workers Minot’s case before transfusion and splenectomy 
had a vei'y low uiea nitiogen elimination — on one day only 34 5 per 
cent of a total nitrogen of 146 gm Figuies cited by von Noorden 
from the older literature for the ammonia nitiogen excretion are 
normal or i elatively low , ammonia nitrogen averaged 0 42 gm per day 
in Minot’s case and still less m Denis’ cases Uric acid elimination 
is variable, Rosenquist reporting minimal and maximal puiin nitrogen 
(endogenous) of fiom 0 173 to 0 409 gm In the latei literature, Pep- 
per and Austin and also Denis give unc acid figures for pernicious 
anemia, the daily excretion may be rather high, but not abnoimally so 
Kahn and Barsky consider the nitrogen fractions of the urine noimal, 
except for an inci eased elimination of oxyproteic acid nitiogen, con- 
jugated sulphates and neutral sulphur were increased 

As the lesult of splenectomy preceded by a tiansfusion, the slightly 
negative nitrogen balance m Minot’s case was changed over to a slight 
retention , the urea nitrogen was increased from an average of 54 3 
per cent to 79 6 pei cent of the total nitrogen, but there was no change 
in the ammonia nitrogen excretion Pepper and Austin obtained a 
more favorable nitrogen balance and a drop in the uric acid excretion 
as the result of transfusion and splenectomy , the daily iron elimination 
in the stool fell from 17 to 10 mg The effects of splenectomy were 
not constant in Denis’ observations, nor were the sulphur partition 
figures significant 

Gettler and Lindeman found in thirty-two cases of pernicious ane- 
mia blood and nonpiotem nitiogen, urea nitrogen, and creatinin values 
higher than normal , uric acid figures were quite high, and the ammo- 
acid nitrogen was increased also The blood sugar, too, was abnormally 
high 

37 Mosenthal, H O The Effect of Forced Feeding- on the Nitrogen 
Equilibrium and Blood in Pernicious Anemia, Bull Johns Hopkins Hosp 29 
129A34, 1918 

38 Kahn, M, and Barsky, J Studies of the Chemistry of Pernicious 
Anemia, Arch Int Med 23 334-345 (March) 1919 

39 Gettler, A O , and Lindeman, E Blood Chemistry of Pernicious 
Anemia, Arch Int Med 26 453-458 (Oct ) 1920 
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Peters and Rubnitz determined the total nitrogens of the whole 
blood and of the blood plasma of four cases of pernicious anemia, the 
determination of course includes the protein nitrogen Inasmuch as 
the corpuscles are richer m total nitrogen content than the plasma, the 
total nitrogen of which remains within normal limits or tends to 
increase, they establish a “nitrogen index” or ratio of the whole blood 
nitrogen to the plasma nitrogen , this is diminished in proportion to the 
degree of anemia and may therefore be used as an indication of the 
state and progress of the anemic condition 

Our own work has been directed chiefly to the study of the nitrogen 
and iron balances when the “pernicious anemia diet” was given, figures 
on the nitrogen partition were also obtained These data are sum- 
marized in Table 2 Figures are averages of four or five day periods 
No medication was employed while the patients were in the metabolism 
unit, and the diet was gi-ven two or three days or longer previous to 
actually starting the balance runs The commonly used analytical pro- 
cedures were followed for the determinations of tlie nitrogen partition 
Because of the undigested food residues frequently appearing in the 
pernicious anemia stools and due to the characteristically deficient 
gastric secretion, it was necessary to use the dried and thoroughly 
ground feces for analysis 

The total nitrogen elimination is not excessive On a very moderate 
protein intake of from 61 to 75 5 gm and with a relatively low calone 
value, Cases 2, 3, 4 (Period 1), 6 (Period 2, after splenectomy), 7, 8 
(Period 2) and 9 have given positive nitrogen balances Cases 10 and 
11, on a higher protein intake, have eliminated a greater amount of 
nitrogen, as might be expected, but have shown a favorable balance 
Slight or moderate nitrogen losses obtained for Cases 1, 4 (Periods 
2 and 3), 6 (Period 1) and 8 (Period 2), while a considerable nitrogen 
excretion and loss occurred for Case 5 Of the controls, Case 14 
(hemolytic icterus) showed consistently a negative nitrogen balance, 
though the nitrogen excretion was markedly diminished in the post- 
splenectomy Penod 3 , the diets for Periods 1 and 3 were probably 
too low in calories, the patient being a large man and active at these 
times 

In the case of the iron balances, it might be expected that the 
results would be influenced by the deposition in or discharge of stored 
iron from the tissues However, the iron balances quite consistently 
follow the gain, the stationary state or the fall in blood cell counts 
and hemoglobin percentages Thus favorable iron balances were 
observed for Cases 1 (Period 2), 2, 4, 5, 6 (increased after splen- 

40 Peters, A W, and Rubnitz, A S Observations on the Chemical 
Pathology of the Blood in Pernicious Anemia, Arch Int Med 26 561-569 
(Oct) 1920 



Table 2 — Nitrogen and Iron Balances and Nitrogen Partition 
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ectomy), 7, 9 and 11, with coincident betteiment of the blood picture 
Approximate iron equilibrium was found for Case 3 and for case 10 
when little change in the blood findings obtained Case 8 exceptionally 
presented a considerable loss of iron during the first period and a much 
less figure for the second period, an increase m the blood count with 
little change in the hemoglobin percentage was recorded at this time 
The nonpermcious anemia cases all showed favorable iron balances 
except the splenic anemia case, for which a slight iron loss of 1 7 mg 
per day was noted That positive iron balances may accompany a 
daily loss of nitrogen to the body is shown in the data for Cases 1 
(Period 2), 4 (Periods 2 and 3), 5 and 6 (Period 1), and for the 
nonpermcious Cases 13 (Period 1) and 14 

In four of our studied cases of pernicious anemia (Cases 8, 9, 
10 and 11) we have tried the effect of the addition of a moderate 
amount of fat to the diet In view of a possible marked stimulation 
of hemolysis — though not indicated by our blood studies — we have 
employed butter as the source of the fat since this has a moderate 
lodm absorption value only The less favorable figures obtained for 
Cases 9 and 10 suggest that further investigation of fat ingestion in 
pernicious anemia should be carried out 

As regards the nitrogen partition, the pernicious anemia cases tend 
to show low urea mtrogen figures Moderate or low ammonia nitrogen 
figures may be found — Cases 1, 4, 5, 6 after splenectomy, 7, 10 and 11 
Rather high uric acid nitrogen figures obtain, even when the patients 
were on a nonpunn diet (Cases 1, 2 and 3) , exceptions are Case 6 
after splenectomy. Case 8 (Period 2), and Case 9 Of the other 
anemias, the aplastic Case 12 presented a nitrogen partition similar 
to that of pernicious anemia, except for the ammonia figures, while 
the pregnancy anemia Case 13 is quite suggestive of the pernicious 
anemia findings The hemolytic icterus Case 14 gave a low urea 
nitrogen percentage of the total nitrogen, but the other constituents 
are normal for Period 1 , an ultimate effect of splenectomy is not 
reflected m the nitrogen partition figures for Period 3 The splenic 
anemia Case 15 picture was characterized by a high ammonia excretion 
only , following an attack of gout, the uric acid elimination was some- 
what increased 

Our findings may be summarized briefly for this section Favorable 
nitrogen, and especially iron, balances have been established in perni- 
cious anemia and in some other types of clinical anemias (excepting 
iron m our case of splenic anemia) when given diets rich in food iron 
and with comparatively low calorie and protein values Slightly nega- 
tive nitrogen balances and coincident iron retention may obtain Low 
urea nitrogen excretion and low or moderate ammonia nitrogens along 
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with rather high uric acid nitrogen figures are characteristic but not 
constant findings, these results are in general accord with most of the 
figures available in the literature 

4 IMMEDIATE EFFECTS OF BLOOD TRANSFUSION ON METABOLISM! 

Cases 1 and 2 were transfused with from 450 to 500 c c of blood 
(citrated) of the same grouping while under observation m the metab- 
olism unit The immediate effect of the transfusion was a pronounced 
stimulation of the nitrogen catabolism The increased excretion of the 
total, urea, uric acid and creatinin nitrogens continued over the suc- 
ceeding tivo days The figures are given m Table 3 


T^ble 3 — Effects of Transfusion of Blood of Siimlai Grouping 


Case 

Period 

1 

1 

1 

Total 
Gm j 

Urea 

1 

Gm 

Am 

monia 

N, 

Gm 

Vne 

Acid 

N, 

Gm 

Creat- 

inm 

N, 

Gm 

^ Crea- 
tm 

N, 

Gm 

Food 

Pro 

tein, 

Gm 

Pat, 

Gm 

Cbhy , 
Gm 

Total, 

Cal 

1 McG (1) 

2/23/20 

soc 



0 389 

0 279 

0 007 

62 

33 

285 


1 

2I2ZI20 

S86 



0 391 

0 274 

0 045 

63 

35 

253 



2/24/20» 

9 52 



0 383 

0 353 

0 050 

52 

23 

245 



tl2ol20 

10 92 



0 459 

0 334 

0 058 

63 1 

85 1 

307 



2126120 

12 42 



0 370 

0 305 

0102 

62 

36 

302 

1,781 


2/27/20 

10 OS 



0 408 

0 285 

0 022 

62 

39 

1 

231 

1,524 

2 Md 

4/24-27/20 

8 27 

650 

0 440 

0 276 

0 437 

0000 ^ 

64 

44 

294 

1,877 


4/2S/20* 

525 

361 

0 284 

0185 

0 434 

0000 

f 





i 4/29/20 

13 72 

1012 

; 0 435 

0 324 

0 570 

OOOO 

39 

40 i 

161 

1,160 


4/S0/20 

13 89 

1153 

0 435 

0 404 

0 471 

0 000 

64 

51 ' 

234 

1,650 


* Transfused t Breakfast only 


5 FAT UTILIZATION AND STOOL FATS IN ANEMIA CASES 

We present some data on the food and stools fat, including the 
lodin absorption numbers, and the utilization of the ingested fat m 
this senes of cases The results are given m Table 4 

Sherman gives the average normal fat utilization or “coefficient 
of digestibility” as 95 per cent Of course, this factor vanes with the 
amount of fat in the diet, since diets free from fat yield stools which 
contain appreciable amounts of etlier soluble substances In view of 
this fact, a utilization of fat of from 72 to 89 per cent by our 
pernicious anemia cases is very satisfactory 

There is no definable relation between the character or degree of 
the anemia and the partition or the lodin values of the stool fats 
Though considerable variation was found, the lodm numbers Mvere all 
comparatively low While it is probable that the lodm values of the 
stool fats have been lessened because of the dessication of the stools for 
the nitrogen and iron determinations, the food fats were subjected to 

41 Sherman, H C Comparative Digestibility of Fats, Foods Products, 
New York, McMillan & Co, 1917, p 393 
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the same procedure , again, lodin numbers obtained on the lipin extracts 
of a fresh stool (Case 1, Period 3) were quite similar to the other 
values obtained Our data afford no evidence of the intestinal forma- 
tion of fatty acids of high lodin values in pernicious anemia 

DISCUSSION 

Dietetic deficiency in the sense of avitaminosis has not been con- 
sidered an etiologic factor in pernicious anemia, though Fayrer (in 
1888) suggested that pernicious anemia in Europe lesembled beriberi 


Table 4 — Fat UhhcaUon and Stool Fats in Anemia Cases 
(The fat anab'ses are m percentages of the dried feces) 


Case 

Period 

j 

m 

2 

Neu- 

tral 

Fat 

3 

Free 

Acids 

4 

Soap 

Acids 

5 

Total 

Acids 

Per 
Cent 
Split 1 

Per 

Cent 

Util 

ized 

lodin Nos 

for 

B 



1 McG 

1 

19 71 

4 37 

6 77 

8 57 

16 34 

77 8 

70S 

17 2 

304 

646 


2 

21 05 

509 

706 

890 

15 90 

71 1 

73 2 

18 6 

32 3 

64 5 


3 

2214* 

7 57 

461 

988 1 

14 57 

658 



30 6 


fl M’d 

1 

33 09 

13 47 

12 00 

822 

20 22 

600 

723 

13 82 

18 3 

689 


2 

31 54 

10 28 

14 13 

713 

21 26 

67 4 

78 2 

181 

260 

69 9 

4 Mat 

1 

26 62 

15 97 

608 

5 57 

10 65 

400 

800 

4 0 

51 

609 

1 

2 

24 86 

15 05 

0 43 

338 

9 81 

39 5 

730 


24 4 

60 9 

5 Bgh 

I 

2104 

10 33 

3 95 

679 

10 74 

509 

79 2 


336 

609 

8 Dug 

1 

21 4 

13 5 

40 

39 i 

79 

36 9 

82 8 





2t 

23 9 

14 8 

57 

34 

91 

380 

887 




9 Mill 

1 

291 

14 3 

12 3 

25 

14 8 

50 7 

84 4 





2t 

32 2 

16 9 

121 

32 

15 3 

47 2 

83 4 




10 Sch 

4 

22 6 

72 

84 

70 

16 4 

681 

835 





5f 

280 

no 

12 0 

58 

17 8 

63 5 

88 6 




12 Boy 

n 

17 78 

13 06 

300 

172 

4 72 

26 6 

76 9 

30 67 

33 9 

609 

13 CooL 


14 90 

680 

4 65 

3 44 

809 

54 3 

883 


40 4 

609 


H 

16 92 

10 92 

3 10 

290 

600 

35 5 

878 


40 6 

609 

14 Hel 

B 

17 63 

14 21 

2 03 

137 

340 

19 4 

890 

1 

35 9 

609 

15 Plom 

1 

B 

24 3 

13 0 

59 

64 

122 

603 

774 





* Fat extractions made on the fresh stool 

t The fat ingestion was doubled in these periods over the preceding periods 


in the Orient According to Castellani and Chalmers, beriberi shows 
a certain degree of anemia, with leukopenia and a diminished number 
of polymorphonuclear leukocytes Again, secondary anemia may occur 
in infantile scurvy (Hess^^), in pellagra (Hillman^®), as the result of 

42 Fayrer, J Beriberi, Quain’s Dictionary Medicine, London, 1888, 
p 104 

43 Castellani, A, and Chalmers, A J Beri-beri and Epidemic Dropsy, 
Manual of Tropical Medicine New York, Wm Wood & Co , Ed 3, 1919, 
pp 1686-1687 

44 Hess, A F Infantile Scurvy the Blood Vessels and the Diet, Am J 
Dis Child 8 385-405, 1914 

45 Hillman, O S Some Hematologic Findings in Pellagra, Am J M Sc 
145 507-513. 1913 
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continued reduced diets (Benedict and in rice fed rabbits (Downs 
and Eddy As yet we have little information as to whether or not 
vitamins play any part in hematogenesis Vitamin deficiency may well 
be a predisposing factor for the acute exacerbation and may delay the 
onset and progress of the remissions in pernicious anemia 

For the limited number of cases reported here m which we have 
given adequate and iron rich diets, we have found little difficulty in 
establishing favorable iron balances along with clinical improvement 
and lessened recouise to transfusion Our results would tend to confirm 
those of Whipple and his associates,^® who found that in experimental 
hemorrhagic anemia m dogs, blood regeneration is hastened on a diet 
containing meat, liver, or other iron rich foods However, Musser 
has found that his dogs rendered anemic by repeated small bleedings 
were not so amenable to a high iron diet, he frankly admits that the 
factor of damaged blood formation in the clinical anemias of man was 
not of course present m either Whipple’s or his own dogs We realize 
that caution must be exercised m concluding from our few cases that 
an iron rich diet hastens blood regeneration m pernicious anemia where 
spontaneous remissions may occur And while we may suggest that 
every effort should be made to have the patients consume such a diet 
in the hospital and that they should receive instructions as to diet when 
discharged, we still feel justified m continuing the administration of 
iron in the form of Blaud’s pills and arsenic as Fowler’s solution 


SUMMARY 


Eleven cases of pernicious anemia, and for comparative data, one 
case each of an aplastic anemia, pregnancy anemia, hemolytic icterus 
and splenic anemia, have been studied 

Low whole blood and plasma fats were found m the severe pernicious 
anemia cases and tended to increase with improvement m the blood 
picture for the individual cases The low blood fats seem to be asso- 
ciated with higher lodm numbers (by a micro-adaptation of the Hanus 
method) though the amounts of the unsaturated fatty acid groups as 
evidenced by the total lodin absorbed are not excessive An increased 


46 Benedict, F G , et al Human Vitality and Efficiency Under Prolonged 
Restricted Diet,’ Washington, Carnegie Inst , 1919, Pub No 280 

47 Downs, A W, and Eddy, N B Secretin V Its Effects in Anemia, 
Am J Physiol 58 296-300, 1921 

48 Whipple, G H , Robscheit, F S , and Hooper C W Blood Regenera- 
tion Following Simple Anemia IV Influence of Meat Liver and Various 
Extractives Alone or Combined with Standard Diets, Am J Physiol 53. 

40 Mucipr T H Tr The Influence of Inorganic Iron on the Regeneration 
of BloTifter HfmoiAapc Anen..a, Arch Inf Med 28 638-648 (Nov) 1921 
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unsaturated fatty acid content, therefore, should not be a factor for 
hemolysis in pernicious anemia 

That blood and plasma cholesterol figures are low in pernicious 
anemia cases and increase as the blood is regenerated is confirmed 
Low figures were found also for one splenic anemia case 

More favorable nitrogen and especially iron balances may be readily 
established in pernicious anemia and some other anemias (excepting iron 
in our case of splenic anemia) when diets rich in food iron (Whipple) 
and comparatively low m calorie and protein values are given Nega- 
tive nitrogen balances and coincident iron retention may obtain 

Characteristic but not constant alterations in the nitrogen partition 
m pernicious anemia are low urea and moderate ammonia nitrogens, 
and high uric acid figures The immediate efifects of blood transfusions 
on the daily nitrogen partition (two cases) are an increase m the total, 
urea, uric acid, and creatinine nitrogen elimination, persisting over at 
least two days 

A fat utilization of from 72 to 89 per cent m our pernicious anemia 
cases IS quite satisfactory when the low fat of the diet is considered 
Our data furnish no evidence of the intestinal formation of fatty acids 
of high lodm absorption values 

In view of our experience, the use of iron-rich and vitamin adequate 
diets in the anemias is urged, but we do not feel that established 
therapeutic measures to promote hematogenesis should be neglected 



BLOOD PRESSURES IN FIFTEEN THOUSAND 
UNIVERSITY FRESHMEN + 

WALTER C ALVAREZ, MD 
Assisted by 

ROSALIND WULZEN AND LUCILLE J MAHONEY 
SAN FRANCISCO 

About two years ago one of us (WCA) published a number of 
observations based on a statistical study of nearly 9, OCX) blood pressure 
records made on the incoming freshmen at the StudentsTnfirmaiy of 
the University of California ^ That analysis led to a number of con- 
clusions which were so surprising and so contrary to all previous 
teachings that the need was felt for further study with a larger series 
of data In the fiist place, it was found that hypertension is not a 
disease of old age alone, it is found commonly among young people, 
healthy enough to go to college Furthermore, the pressure does not 
increase with age as we have always thought The average actually 
drops from the age of 17 to 21 in the men, and from 17 to 25 in 
women After that, it stays about the same among the men until after 
50, among the women it rises quite rapidly after 25, and very rapidly 
after 40 The result is that although the young women’s pressures 
average 10 mm or more below the young men’s, after 45, so far as 
our data go, the women actually average highei than the men It is 
interesting also to note the maiked difference between the amount of 
hypertension among the girls and boys It appears earlier in the boys 
and IS often quite high Thus, one 18 year old boy was found with 
a pressure exceeding 215 mm 

It was hard to believe at first that there could be so much hyper- 
tension among presumably healthy young men, but a comparison of 
our data with some data obtained by Barach and Marks, Lee, some 
of the insurance examiners, and some of the army physicians showed 
that very similar observations had been made elsewhere ^ 

A careful statistical analysis of the figures showed that those for 
the women were probably quite accurate and trustworthy, their dis- 
tiibution cuives were fairly smooth, and the yearly averages for the 
1919 freshmen were almost identical with those for the 1918 freshmen “ 

The figures for the men were not so satisfactory, partly because the 
examiners showed a strong tendency to read to the nearest multiple 

*From the George Williams Hooper Foundation for Medical Research, 
University of California Medical School and the University Infirmary 

1 Alvarez Arch Int Med 26 381 (Sept ) 1920 

2 A few of the data classed under the heading 1918 were secured in 1916 
andWl? 



Table 1 — Blood Piessute Obsetvations on Men Students 
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Table 2 — Blood Ptessme Obsovations on Women Students 
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of ten on the scale, but mainly because there was a large difference 
between the yearly averages in 1918 and 1919 Thus the arithmetical 
mean (average) for the 1918 men between the ages of 17 and 19 
inclusive was 122 mm , for the 1919 men it was 131 mm Naturally, 
It was highly desirable to see which of these two averages was the 
more nearly correct, and the only way m which this could be done 
was to secure more data It was feared also that the sampling from 
the male community had been affected m some way by the war which 
diew on the physically fit and left the unfit 

In an attempt to clear up this problem and to obtain accurate 
standards of blood pressure, we have secured data on 3,070 more 
men and 3,127 more women — freshmen entering during 1920 and 



Fig 1 — Averages of data on blood pressure in university freshmen seeured 
during the years 1918 to 1921 

1921 We now have figuies on 6,000 men and 8,934 women, or 14,934 
in all Their distribution is shown in detail m Tables 1 and 2 ® 

3 The averages have been obtained with the help of a short cut method 
described by Rugg (Statistical Methods Applied to Education, Cambridge, 
Mass , Houghton, Mifflin Co , 1917) As this method is based on the assumption 
that the data are evenly distributed in each group of five figures (85-89, 90-94, 
etc), the results obtained vary a little from those given in the previous paper 
Those were based on the individual figures which, as we have noted above, were 
grouped largely around the multiples of ten on the scale If the examiners had 
been more careful in avoiding this tendency, the data would have been dis- 
tributed evenly, and the averages would probably have been very close to those 
we have now obtained 

The palpatory method was used in taking the pressures The men take a 
tepid shower before the examination, and are examined in the reclining posi- 
tion They are more likely to stand around m negligee and get cold than are 
the women The women's pressures are taken standing One large aneioid 
and three mercury instruments were used 
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DIFFERENCES IN THE AVERAGES FOR FOUR DIFFERENT 

COLLEGE YEARS 

The arithmetical means or “averages” for the data secured year 
by year have been plotted in Figure 1 As averages based on data 
from groups smaller than 100 have large possibilities of error, they 
have been omitted from the graphs The figure shows the close agree- 
ment of the four sets of data from the women , nearly all of which fall 
within the limits of error determined by the sizes of the groups We 
see also the wide divergence of the averages for the men , wider than 
we would expect from the limitations of the method and the small- 
ness of the groups (The “probable error” for these averages is 
actually about ±06 mm ) The 1918 averages are in a class some- 
what by themselves, but it will be noted that the average pressure has 
fallen steadily since 1919, so that the figures for 1921 are not much 
above those of 1918 The possible significance of these findings will 
be discussed later 

MEASURES OF CENTRAL TENDENCY 

Let us now turn back again to Tables 1 and 2 to see what we are 
going to do with the figures recorded there They range from 85 to 
219 mm for the men, and from 80 to 189 mm for the women The 
first question that will arise m the mind of a practicing physician 
is What are the dividing lines between normal and abnormaP 
What should be the blood pressure of a healthy young man or 
woman ^ Ordinarily, we take the average of all the data as the 
central point of normality, but it can easily be seen that in the 
usual mixture of normal and diseased people, there should really be 
two averages — one for the healthy and one for the diseased If we 
average the two groups together, we get a figure which is too high 
for the normals and too low for the diseased In this study we see 
that a number of the averages for the 1919 men exceed 130 mm , and 
yet, clinically, we know that pressures above 130 in young men are 
very likely to be accompanied sooner or later by symptoms of hyper- 
tension or mild cardiovascular-renal disease Hence, in this case, we 
can hardly use the arithmetical mean as a standard of normality 

The median is another figure expressing central tendency It repre- 
sents the middle number m the series, on either side of which he 50 
per cent of the data It is not influenced quite so much by groups 
of data at the two ends of the distribution, but it still is affected by 
them a good deal 

In many ways the mode seems to be the most suitable measure 
for our purposes It is the value on the scale which occurs most 
frequently and typically, hence, it forms the apex of the distribution 
curve (Fig 2) In a peifectl) symmetrical curr^e it coincides with 
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the mean and the median, but when the curve is “skewed” the mode 
remains behind while the mean is pulled over by the large number 
of data from those persons who are abnormal The mode can be 
determined roughly by inspection of the “smoothed” distribution curves, 
or it may be calculated by Pearson’s method ^ The modes charted in 



4 It IS hard to know, in writing a paper like this, how far to go in the 
matter of explaining the terms and methods used in statistical work Nat- 
urally, m the space of a short article, nothing adequate can be given, and the 
reader who remains puzzled must be asked to turn to the books by Rugg, 
Whipple (Vital Statistics, New York, John Wiley & Sons, 1919) or Thorndike 
(Introduction to the Theory of Mental and Social Measurements, New York, 
1916) It IS unfortunate that few research workers in medicine are ever given 
that training in statistical methods which would enable them to analyze and 
to evaluate quickly and correctly the data with which they are constantly 
dealing 
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Figures 2 and 3 have been calculated, and it will be seen that they 
correspond pretty closely with the peaks of the curves 

It IS clear from Figure 3 that the mode for the men drops from 127 
mm at the age of 16, to 118 mm at the age of 30 The mode for the 
women drops from 118 mm at the age of 16, to 111 mm at the age of 
24, and after that rises quite rapidly The mode for all the men was 
124 7 mm , and for all the women, was 114 6 mm These figures, we 
believe, represent the best standards of normal now available Unfor- 
tunately they represent almost the only standards, because, as pointed 
out in the previous article, most of the figures published hitherto have 
been obtained from the study of picked groups of accepted insurance 
applicants or accepted recruits Very few attempts have been made to 



Fig 3 — Mode and mean blood pressure m university freshmen 

get a fair sampling from the community as a whole As was argued 
in the preceding paper the students in a free university probably repre- 
sent a good sampling from at least the more intelligent part of the 
community 

The mean for the women drops very definitely from the age of 17 
to 25 , and for the men, there is a similar but more uneven drop from 
17 to 35 This drop is not qmte so marked as that which we have 
just noted in the curves for the mode 

IRREGULARITIES IN THE CURVES 

It is hard to uderstand why the curves for the mean and the mode 
of the men should be so irregular m places As will be seen from the 
location of the dotted lines, which represent the limits of the probable 
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error of the mean, the deflections about the age of 20 exceed that 
error , and, m fact, they almost exceed ± 3 times the standard deviation 
of the mean As that range should include 99 73 per cent of the data 
in a distribution curve, the chances are 9,973 to 27, or 368 to 1, that 
these deflections are not due to accident but that they mean something 
This conviction is strengthened when we turn to Figure 1 where we 
see that the rise from ages 19 to 20 is found on three out of four of the 
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Fig 4 — Percentage of blood pressure above 130 and 140 mm 

yearly graphs, and the drop from 20 to 21 is definite in all of them 
It is strengthened, also, when we note that there are corresponding 
upward swings in the graph for the mode , and in Figure 2, there are 
corresponding shifts to the right of the distribution curves 

It would seem, then, that during these years there must be some 
rhythmic upward tendency in the mechanism which regulates bl6od 
pressure The hard thing to understand is how enough of these yearly 
tendencies can be m step to affect the curves, because we know that m 
children there often are big differences between the calendar age and 



ALVAREZ— BLOOD PRESSURE 


25 


the developmental age Such differences in these youths might permit 
the appearance of broad, rounded rises like the rise in the curve for 
the men about the ages of 23 and 24, but it is hard to see how the}' 
could permit the appearance of a sharp rise like that at the age of 20 
Any overlapping of ups and downs would tend to produce a straight 
line at that point It is interesting that the women’s curves for mean 
and mode show slight upward tendencies between 19 and 20 and at 23, 
which, perhaps, correspond to those of the men These peculiarities, 
naturally, can be given significance only if they appear again in the 
same places in curves drawn from data secured by other workers For 
the present, they can serve only to make us ask questions 

PERCENTAGE OF HYPERTENSION 

Figure 4, showing the percentage of the data above 130 and 140 mm 
is interesting as it shows the peculiar yearly variations, and also the 



Fig 5 — Changes according to age 

same general tendencies from the ages of 16 to 40 that we have noted in 
the curves for the mean and mode As was pointed out in the previous 
paper,^ most writers are agreed that a pressure exceeding 140 in a 
young person is abnormal, and some are coming to the point wheie 
they are willing to place the limits at 130 mm Here we find from 
18 to 26 per cent of the boys with pressures exceeding 140, and from 
35 to 57 per cent with pressures exceeding 130 mm Among the 
younger women, about 3 per cent have pressures exceeding 140, and 
21 per cent have pressures exceeding 130 mm The remarkable thing 
IS the steady decrease in the incidence of hypertension in the men as 
they grow older The question arises Do their individual pressures 
decrease, or do many of those persons with high pressures in boyhood 
drop by the wayside as they grow older ? That can only be answered 
by watching a number of these men for a long period of time 
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MEASURES OF VARIABILITY 

Figure 5 shows the yearly changes in the standard deviation and in 
the coefficient of variation The standard deviation is the square root 
of the average of the squares of the deviations from the average of 
the whole distnbution It is a valuable measure of the variability, and 
naturally is greater here for the men than for the women It is 
interesting to note that the women’s pressures are more variable than 
the men’s after the age of 38 or 40 

The coefficient of variation is another measure of the variability, 
and its graph is naturally very similar to that of the standard deviation 
It represents a ratio between the standard deviation and the average 
from which the deviations were taken 

The measure of skewness which will be noted in Tables 1 and 2 is 
the one suggested by Pearson It is obtained by dividing the difference 
between the mean and the mode by the standard deviation In both 
men and women it increases from 16 to 30, after which, perhaps on 
account of the smallness of the groups, it varies widely up and down 

DISCUSSION 

Unfortunately, the first object of this paper, that of establishing 
normal standards of blood pressure for young men, has not been accom- 
plished to our entire satisfaction The new data still show a lack of 
homogeneity which is disturbing In attempting to explain these big 
differences m the measurements made in the four years from 1918 to 
1921, we might blame the instruments, the examiners, the sampling, 
the war, and, perhaps, the influenza epidemic Errors due to the 
instruments can probably be excluded as three out of four were mercury 
manometers and the aneroid was checked from time to time Further- 
more, instruments were exchanged back and forth with the women’s 
department where no such wide variations were observed Similarly, 
we can probably exclude errors due to differences in the personal equa- 
tions of the examiners in the different years Each year the examining 
staff consisted of four men and from five to seven women Of the 
men, only one remained during the four years , usually there were two 
hold-overs and two new workers Among the women, in 1919 there 
were two hold-overs and three new workers , in 1920 there were four 
hold-overs and one new worker, and in 1921 there were three hold- 
overs and four new workers Any individual differences which may 
have existed in the readings of the women examiners must have 
balanced one another because we have seen that the data secured by 
them year by year are quite uniform The presumption is, then, that 
the personal equations of the men also should have balanced one another 
so as to have become negligible 
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The next question is Was the sampling affected by the war^ 
In the previous paper it was assumed that the drafting away of the 
physically fit into the army and navy might have left behind a larger 
percentage of militarily unfit who might, presumably, have shown a 
larger incidence of hypertension On looking up the figures in the 
recorder’s office we find, however, that the men had already gotten 
back in large numbers in the college year of 1918-1919 (Table 3) 
Furthermore, most of the freshmen were under draft age It is 
hard to say, therefore, just how the war affected the pressures if it 
did so at all 


Table 3 — Men Enteimg the Univeistty of Calif orma in 1915 to 1921, Inclusive 



Number 

1915-16 

914 

1916-17 

1,019 

1917-18 

847 

1918-19 

1,531 

1919-20 

1,782 

1920^21 

1,571 

1921-22 

1,364 


The strange thing is that the pressures should be so low in 1918, 
that they should take a big jump in 1919, and should then gradually 
return in 1920 and 1921 toward the original figures The fact that the 
women’s pressures follow a rather similar course suggests strongly 
that we have here a manifestation of some influence affecting both 
men and women during these years (Table 4) There immediately 
comes to mind the suggestion that the influenza epidemic which must 

Table 4 — Blood Pressure Aveiages for the Data Collected Year by Year 



Men 

Women 

1918 

123 9 

116 3 

1919 

1318 

118 0 

1920 

130 0 

118 6 

1921 

1281 

117 3 


have attacked many of those registering in 1918-1919, could easily 
account for the low pressures obtained in that year It is not so easy, 
however, to^ explain the big rise in the following two years Another 
solution of the problem would be to say that there are yearly varia- 
tions in the average human blood pressure, and that a low ebb in 1918 
predisposed us to a serious epidemic Naturally, with only four years’ 
data to go on, and other possible explanations for the discrepancies 
in sight, this solution cannot be taken seriously, but it might be kept m 
mind by those who have opportunity to gather similar data m the 
future 

Another disturbing observation is that the averages even for the 1918 
men are considerably higher than those obtained on several hundred 
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high school boys of corresponding ages in San Francisco The averages 
for the high school girls are practically the same as those for the 
college women However, as will be seen from Table 5, the range 
for the boys is much greater than that for the girls, and it increases 
steadily from the age of 14 to the age of 16 The standard deviation 
for the 16 year old girls was 9 3 mm and for the 16 year old boys 
it was 12 9 mm These figures agree closely with those obtained at 
the University Moreover, it will be noted that hypertension is found 
commonly among the school boys One of us (WCA) checked a 
number of the readings on these boys and found them correct 


HIGH BLOOD PRESSURD AND SEX 

The study of the new 1920 and 1921 data amply confirms the con- 
clusions drawn in the previous paper Certainly it would seem that 

Table S — Blood Piesstires of High School Boys and Gals nt San Franctsco 


Pressures 

Bojs Aged 

Girls \ged 

14 

15 

16 

14 

15 

16 

85- S9 

■■■ 





1 

90- 91 


2 



1 


95- 99 



4 


2 


100-lCH 



6 

3 

$ 

9 

105-109 



14 

s 

9 

11 

110-114 



19 

6 

17 

10 

115-119 



17 


15 

16 

120-124 

15 


30 


35 

26 

125-129 

4 


U 


20 

19 

130-134 

4 


IS 

5 

11 

7 

135-189 

4 

6 

5 

4 


6 

140-144 

3 

7 

7 



1 

145-149 


1 

1 


1 


150-154 


5 

3 




155-159 



1 




160-151 



1 




165-169 







170-174 






1 

Total 

93 

140 

132 

53 

129 

106 

Mean 

110 2 

118 6 

121 2 

1212 

1204 

119 8 


high blood pressure can haidl}' be due, as many have thought, to focal 
infections or to the strenuous life Otherwise there could not be such 
marked sexual differences and so high an incidence in youth Unfor- 
tunately, these data do not extend quite far enough to .take in the 
periods of puberty and the menopause It is highly desirable that such 
data be secured, because undoubtedly they will throw much light on 
the nature of high blood pressure 

Since the previous paper was published there has appeared an 
article by Faber and James on the blood pressures in normal children ° 
Unfortunately, they studied only 651 boys and 450 girls so that the age 
groups are too small for accurate work They found the average 


S Faber and James Am J Dis Child 22 7 (July) 1921 
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systolic pressure about the same for boys and girls, rising from 89 mm 
at the age of 3, to 115 mm at the age of 16 They found a greater 
variability among the girls than among the boys, which is just the 
reverse of what is found after 16 They noticed a marked variability 
in the diastolic pressures of the girls after 13, a change which was not 
present among the boys Similarly, Burlage ° found, in studying 1,700 
girls and young women, a rapid rise in the systolic pressure from 104 
mm at 9 years to 124 mm at 14 and 15 Then there was a rapid 
fall to about 114 at the age of 18 After that the pressures were quite 
constant up to 26 years Although he used the auscultation method 
his results agree fairly well with ours 

It IS interesting to note that the influence of sex is hardly recog- 
nizable m childhood, that it becomes exaggerated about the age of 
puberty and again in women about the menopause It is suggestive 
also that in young women there seems to be a high degree of correla- 
tion between the incidence of hypertension and the presence of the 
various symptoms and signs of ovarian hypofunction It would seem 
that the internal secretion of the ovary is able m some way to suppress 
the tendency to hypertension which many of the girls presumably 
inherit equally with the men 

This point may, perhaps, be made clearer if we turn to some experi- 
mental work done recently on fowls Goodale ^ showed several years 
ago that in ducks and hens the extirpation of the ovaries will lead to 
the assumption by the female of a male type of plumage Apparently, 
some substance secreted by the ovary is able to restrain or suppress 
the male characteristics, and the work of Boring, Pearl and Morgan ® 
suggests strongly that it arises in the lutear or yellow pigment con- 
taining cells of that organ Such cells have not been found m the 
testicles of adult fowls, except in the case of the Seabright bantam 
and some Campmes, where the males are so hen feathered that they 
are hard to tell from the females As was to be expected from the 
theory, when these males were castrated, they developed plumage 
resembling that of the males of other breeds The ordinary male 
fowls, when castrated, letain a male type of feathering 

It has been known for many years that old hens, or hens with 
diseased ovaries will often develop male characteristics, and similarly, 
women with undeveloped or diseased ovaries not infrequently show a 
male distribution of body hair on the abdomen, breasts, and face It 
is suggestive that the giving of corpus luteum to many of these women 
seems to have a restraining influence on the development of their hyper- 

6 Burlage Proc Soc Exper Biol & Med 19 247, 1922 

7 Goodale Biol Bull 20 35, 1910, Amer Naturalist 47 159, 1913 

8 Boring and Pearl Anat Rec 13 253, 1917 Pearl and Boring, Am J 
Anat 23 1, 1918 Boring and Morgan J Gen Physiol 1 127, 1919 
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tention If our reasoning is at all correct, it might be worth while to 
try ovarian extracts also on men with high blood pressure Another 
suggestion comes from the work of Toirey and Horning ° who found 
that the giving of dried thyroid to normal male Rhode Island Red 
chicks causes them to develop hen feathering As this does not take 
place m castrated males, the assumption is that the thyroid extract 
probably stimulated the function of the few lutear cells which are 
known to be present m the testicles of very young males 

SUMMARY 

An analysis has been made of the systolic blood pressures of 6,000 
men and 8,934 women — freshmen entenng the University of California 
The pressures of the women are more uniform than those of the 
men, and they average 11 mm lower 

Hypertension is very common among the younger men, about 45 
per cent having pressures exceeding 130, and 22 per cent having 
pressures exceeding 140 mm Among the women, about 12 per cent 
had pressures exceeding 130, and about 2 per cent had pressures 
exceeding 140 mm Strange to say, the average pressure for both 
men and women drops gradually during the first years of adult life 
The pressures for the men are grouped mainly about 127 mm at 
the age of 16, and about 118 mm at the age of 30 

The pressures for the women are grouped about 118 mm at the 
age of 16, about 111 mm at 24, and about 117 mm at 40 

Hypertension cannot be ascribed regularly to infections or to the 
strenuous life It seems to be an inherited peculiarity the appearance 
of which can be suppressed m women so long as the ovaries function 
well 


9 Torrey and Horning Proc Soc Exper Biol & Med 19 275, 1922 



BLOOD CONCENTRATION CHANGES IN EXTENSIVE 
SUPERFICIAL BURNS, AND THEIR SIGNIFI- 
CANCE FOR SYSTEMIC TREATMENT'' 
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In extensive superficial burns involving considerable areas of the 
body’s surface a rapid concentration of the blood occurs, and in our 
opinion this hitherto unconsidered factor is of the greatest importance 
in the development of the syndrome characteristic of burns Concen- 
trated blood is a factor which cannot well be left out of consideration 
in the study of any diseased condition m which it manifests itself 
Marked concentration of the blood means a failing circulation, an 
inefficient oxygen carrier, oxygen starvation of the tissues, fall of 
temperature, and finally, suspension of vital activities This viewpoint 
was initiated during the World War by the results of an extensive 
investigation of the action of the lethal war gases ^ which produce a 
noteworthy concentration of the blood as a result of the acute massive 
edema Similar conditions obtain in certain cases of influenza ^ 

On first consideration it may be difficult to correlate reactions in 
burns to those in wai gas poisoning in such a manner that one under- 
lying principle can be held responsible for the same ultimate condition 
in such widely differing abnormal states Further reflection, however, 
will lead to the conception that m both pathologic conditions under 
discussion one fundamental fact stands out clearly — namely, that either 
detrimental agency leads to an extreme inflammatory reaction and 
destruction of tissue This inflammatory reaction, whether in the case 
of war gas poisoning or in that of extensive superficial burns, meets a 
response on the part of the body Fluid is poured out on the surface of 
the injured area Up to a certain point the greater and more acute the 
inflammatory reaction the greater or more rapid will be the response 
The acute edema of the lungs in war gas poisoning and m certain types 

*From the Department of Pharmacology and Toxicology, Yale University, 
and the Section of Surgery, School of Medicine, Yale University 

1 Underhill The Lethal War Gases, Yale University Press, 1920, Harvev 
I-(CCturGS 191 7“ 19 19 

2 Underhill and Ringer J A M A 75 1531 (Dec 4) 1920 
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of influenza is readily explained in this manner An extensive experi- 
ence with burn cases enables us to assert that a similar rapid pounng 
out of fluid on the surface of the body occurs, or if the skin is intact 
the part affected becomes edematous with extreme celerity The rapid 
and continued loss of fluid from the blood m burn cases quickly induces 
a marked concentiation of the blood which becomes a factor of prime 
significance in the fate of the person concerned It will readily be 
understood, of course, that other factors than blood concentration have 
their part m detennmmg the outcome of superficial burns Neverthe- 
less, we are of the opinion that blood concentration is of extreme impor- 
tance m any consideration lelative to extensive superficial burns It is 
a factor which contributes directly to the ultimate fate of the person 
suffering the injury 

The extent of concentration of the blood compatible with life 
depends m large measure on the interval during which concentrated 
blood IS maintained Previous experience would indicate that an animal 
or man cannot long survive blood concentrated 140 per cent of the 
normal value When concentiation reaches 125 per cent of the normal 
value, conditions for the maintenance of life are becoming precarious 

The recognition of blood concentration as a factor of importance 
leads to a rational method of treatment to control this factor Rapid 
and continued introduction of fluid by all possible channels, as by mouth, 
by rectum, under the skin or intravenously will cause a gradual return 
of the blood concentration to normal and, m the investigation to be 
detailed later, a comparable improvement of systemic signs and symp- 
toms Forcing of fluid is certainly a logical procedure in burn cases, 
for not only will blood concentration be reduced to a normal level and 
thus tend to the maintenance of a normal circulation and heart action 
but any hypothetical poisons will be diluted sufficiently to dimmish their 
degree of toxicity and this dilution will also undoubtedly greatly accel- 
erate their elimination 

The experience with burn cases on which these views are based was 
gamed as a result of observations carried through on twenty-one victims 
of a local theater fire These patients were admitted to the surgical 
wards of the New Haven Hospital and through the courtesy of Dr 
Samuel C Harvey, surgeon-m-chief, and his staff, opportunity was 
afforded us to conduct the investigation This communication is not 
concerned with the local treatment of the burned areas but is confined 
to the general condition and systemic treatment of the patients It 
may be stated, however, that, in general, the local treatment consisted 
of paraffin film dressings with subsequent skin grafting when necessary 

Methods — Changes m blood concentration were followed by 
analyses of the blood for hemoglobin according to the procedure of 
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Cohen and Smith In the examination of the blood for the determina- 
tion of nonprotem nitrogen, creatm, creatinm, glucose, urea and chlonds, 
the system of blood analysis advocated by Fohn and Wu was followed 
The patients were admitted into the New Haven Hospital m the 
early evening of Nov 27, 1921, and at once received first aid treatment 
and were sent to the various waids In most instances some fluid was 
given at once, but systemic foicing of fluid was not begun until the 
following day The patients naturally divided themselves into two 
groups (a) those seriously burned, and (b) those not so seriously 
burned Fluid was forced by mouth if possible When this could not 
be done, fluid was introduced per rectum, under the skin, or m one 
case, in which all other methods failed, it was given intravenously 


Table 1 — Classification of Bunted Cases — Initial Values foi Hemoglobin 


Group 1 Seriously Burned 

Group 2 3A?ss Seriously Burned 


1 Hemoglobin 1 


Hemoglobin 

Case 



Case 







Number 

In Percentage 

In Percentage 

Number 

In Percentage 

In Percentage 



of Normal 



of Normal 

1 

174 

(158) 

16 

129 

■HBRiTIHH 

2 

230 


17 

150 


3 

200 

(181) 

IS 

130 


4 

167 

(151) 

19 

129 


1 

167 

(151) 

20 

135 

(122) 

(> 

167 

(151) 

21 

130 

(118) 

7 

153 

(137) 




8 

174 

(158) 




9 

170 

(154) 


1 


10 

205 

(186) 




11 

164 

(149) 




12 

167 

(151) 




13 

200 

(181) 




14 

156 

(138) 




15 

167 

(151) 





BLOOD CONCENTRATION IN EXTENSIVE SUPERFICIAL BURNS 

For obvious reasons extensive obseivations on these patients were 
not made at once At 3 p m of the day following the accident, hemo- 
globin estimations were first systematically cairied out and continued 
for several subsequent days On the basis of the clinical symptoms 
and the severity of the burns the patients may be divided into two 
groups, as shown in Table 1 

In the table of classification the initial figures for hemoglobin con- 
tent are given and it is quite apparent that m extensive superficial burns 
the blood becomes markedly concentrated Moreover, in the division of 
the more severely burned from those less severely burned there is a 
corresponding difference in the degree of blood concentration In gen- 
eral, therefore, the more extensively burned patients responded with a 
greater concentration of the blood 

It IS of interest to determine the approximate percentage increase of 
hemoglobin in order to learn the actual gravity of each case on the basis 
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that an increase of 40 per cent of the normal value is incompatible with 
life if maintained for an extended period Such figures may be found 
in brackets m Table 1 These figures are only approximate since 110 
per cent has been chosen as a result of experience for the normal value 
Such a procedure is not exact since the normal hemoglobin value varies 
considerably in different subjects It is, however, sufficiently accurate 
for the purpose stated On this basis it is readily seen that all indi- 
viduals in Group 1 had a blood concentration above the figure set as a 
dangerous level It is also of interest to note that based entirely on 
clinical symptoms all of these patients, with the possible exception of 
two (Cases 12 and 14), were at once placed on the danger list On 
the other hand, none of the cases m Group 2 Avere placed on the danger 
list and only one patient had a blood concentrated to the accepted danger 
point 

From such data, therefore, it seems conclusive that the determination 
of blood concentration in extensive superficial burns may serve as an 
index of the patient’s general condition, and will indicate the extent to 
which fluid should be forced 

THE INFLUENCE OF FORCING FLUID ON THE HEMOGLOBIN 

CONTENT 

The systemic treatment of these burn cases consisted simply in the 
forcing of fluids, water by mouth when possible, and the administration 
of small quantities of sodium bicarbonate The quantity of fluid 
actually taken into the body varied for the individual patients, but, in 
general, from four to eight liters or more per day were given In 
Table 2 may be found figures for hemoglobin during the period of 
observation, together with the ultimate fate of the case From these 
data It may be seen that at first the hemoglobin figures fluctuate con- 
siderably, at times the blood concentration even exceeding the initial 
values Such a variation may, perhaps, be taken as an indication of the 
unstable equilibrium of the water balance mechanism It is quite 
possible that fluid under conditions of tissue desiccation is employed 
first of all in resaturating the dried tissues, and that fluid intake under 
these circumstances will not be evidenced m the blood by altered con- 
centration until a certain water content of the tissues is reached 

Following the period of fluctuation of blood concentration there 
may be observed a steady fairly rapid fall m hemoglobin content 
Coincident with this decrease in blood concentration, improvement in 
the patients’ condition was observed Those cases (Cases 3 and 10) 
that ended fatally as a result of the burns terminated either too rapidly 
for the forcing of fluid (Case 3) or else insufficient fluid was adminis- 
tered to change blood concentration significantly (Case 10) All the 
other patients recovered from the effects of the burns — although two 
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deaths occurred later from pneumonia The large percentage of recov- 
eries IS noteworthy in view of the severity of the burns suffered by 
the majority of the patients As a result of our experience we are of 
the opinion that restoiation of blood concentration to a normal level 
by introduction of fluid is of paramount importance in the systemic 
treatment of burned cases 

In order to bring out more clearly the changes in blood concentra- 
tion as influenced by fluid administration, graphic illustrations are given 
in Charts 1, 2 and 3 All these instances were among the most serious 
cases Inspection of these charts will reveal an apparent relationship 
between the diminution of blood concentration and fluid intake In 



Chart 1 — The relation of blood concentration to fluid exchange (Case 8) 


general, also, the urinary excretion follows a course similar to the 
intake but at a considerably lower level Particular attention is called 
to Chart 3 since in this instance, owing to the impossibility of coopera- 
tion on the part of the patient and the failure of introducing sufficient 
fluid by rectum or subcutaneously, an intravenous infusion of salt 
solution was given The result is obvious 

Although from the figures and other data relative to these obser\a- 
tions one is apparently justified in concluding that restoration of blood 
concentration is of prime significaiice in burn cases, nevertheless, to the 
sceptically inclined there are at least two points at which the above 
conclusions may be attacked In the first place, one may assume that 
fluid intake has only an inappreciable influence on blood concentration, 
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Chart 2 — The relation of blood concentration to fluid exchange (Case 1) 
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that fluid IS excreted from the body almost as rapidly as it is ingested 
All the available literature on the subject supports such an assumption 
One point, however, must be emphasized, namely, that in nearly all 
instances m which this hypothesis has been put to the test the organism 
employed was that of a normal person Herein lies the crux of the 
whole matter It is utterly fallacious to predict the behavior toward 
water administration of an organism suffering from lack of water from 
observations made on an organism with a sufficiency of water supply 
It IS quite true that partaking of large volumes of water by normal man 
or dog does not perceptibly alter the concentration of the blood So 
long as the water regulating mechanism of the body is normal such a 
result IS to be expected On the other hand, when an animal has been 
deprived of water for a sufficiently long period, blood concentration 
becomes markedly increased Water administered under these circum- 
stances causes a rapid fall in the concentration of the blood The 
experiments by Keith ® and by two of us (Underhill and Kapsinow 
cause us to reiterate the statement previously made that it is fallacious 
to draw conclusions relative to the abnormal organism when these 
inferences are largely based on observations on normal persons, and 
they furthermore dispose of one of the points of attack cited above 

A second point of attack centers m the query, "Did the fluid intake 
in these cases actually influence blood concentration or would blood 
concentration have returned to the normal without such aid^” To 
answer this question absolutely control experiments would be necessary 
Such a control, however, is obviously lacking The question receives 
a partial answer from the experiments of Keith and our own cited 
above together with our expenence with war gas poisoning Death 
may follow, but blood concentration is not restored to near normal 
limits under conditions of water lack unless sufficient fluid has been 
introduced We believe, however, that the question is fully answered 
by our experience with one burned patient treated outside the hospital 
A victim of the same fire, this patient was cared for at his home by 
his own physician Special attention to forcing of fluids was lacking 
This case was especially badly burned and presented the typical signs 
and symptoms characteristic of intoxication from burns, chief among 
which was an active delirium, it being necessary to take measures to 
keep the patient in bed This was succeeded by a period of collapse 
and unconsciousness, death being anticipated After a period of eight 
days, consultation with the physician resulted in the active forcing of 
fluids Previous to fluid administration (2 liters of 0 7 per cent sodium 
chlorid solution subcutaneously) the hemoglobin value was 163 per cent 
A few hours after the salt solution had been given the patient regained 

3 Keith Am J Physiol 59 452, 1922 

4 Underhill and Kapsinow J Biol Chem , in press 
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consciousness, became rational, and was capable of cooperation in taking 
of fluid Blood concentration fell rapidly and the patient went on to 
recovery The point to be emphasized here is that this patient on the 
eighth day after being burned still had a blood concentration equal to 
that in some of our own serious cases on the first day The presumption 
IS valid that if this patient’s blood concentration would have returned to 
normal of itself it should have done so within a peiiod of eight days, an 
interval during which none of our own patients maintained such a con- 
centration A comparison of the influence of water intake on blood 
concentration at an interval of one day and eight days (the case just 
discussed) is given m Chart 4 

From such data it would appear that water intake is responsible 
for the decrease in blood concentration observed in our cases, and it is 
quite safe to assert that without such water introduction blood concen- 
tration would not have taken, the decided fall observed in every case 
We believe, therefore, that the observations recorded justify the con- 
clusion that water introduction in sufficient quantities to restore blood 
concentration to within normal limits is of paramount importance m 
the treatment of burned cases As a result of this type of treatment, it 
may be stated that only two patients gave any evidences of symptoms 
charactei istic of intoxication in burns In these cases unconsciousness 
at first prevailed, this, however, disappeared after restoration of blood 
concentration In all the othei cases, the patients presented no untoward 
symptoms, such as delirium, unconsciousness, gastro-intestinal distur- 
bance, hemoglobinuria, albuminuria, etc Whether such facts are to be 
interpreted from the viewpoint that restoration of blood concentration 
prevented the development of conditions responsible for these symp- 
toms, or that fluid introduction caused prompt elimination of toxic 
material so diluted as to be innocuous or both, remains a problem the 
solution of which can be determined only in the future At any rate, 
from either viewpoint it would appear that fluid introduction is a 
rational method of treatment for extensive superficial burns 

CHANGES IN THE COMPOSITION OF THE BLOOD 

During the first three or four days subsequent to the accident, 
analysis was made of blood taken from a vein Particular attention 
was paid to the estimation of the nonprotein nitrogen fraction on the 
assumption that if absorption of nitrogenous toxic material occurred 
the possibility presented itself that an increase in nonprotein nitrogen 
might be anticipated From Table 3 it may be seen that changes observ- 
able in the composition of the blood during burns vary at most only 
slightly from the normal limits Where alterations are above those 
regarded as normal, the increases noted cannot be interpreted as evi- 
dences of absorption of unusual products, but in our opinion they are 
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rather to be regarded as the expression of the change that would be 
expected in blood highly concentrated At any rate, until it can be 
demonstrated that the composition of the blood with respect to the 
fractions determined here are uninfluenced by concentration of blood 
to the degree noted m the cases under discussion, we prefer to accept 
the explanation that blood concentration is responsible for the changes 
m composition of the blood noted rather than to ascribe these changes to 
material absorbed from the burned areas 

In one respect the analyses of the blood appended are worthy of 
comment, namely, m the figures for chlorids During health chlorids 
are remarkably constant, varying for whole blood from 0 45 to 0 50 per 
cent calculated as sodium chlond It might, a puo) i, be expected that 
when rapid interchange of fluid occurs conesponding changes in salt 
balance would take place since it is to be assumed that when fluid, leaves 
the tissues and blood in response to local inflammatory reactions the 
fluid poured on the surface is plasma or at least modified plasma 
Certain it is that in war gas poisoning in the production of pulmonary 
' edema the fluid entering the lungs has almost the same composition as 
that of the blood plasma Moreover, under these circumstances which 
lead to highly concentrated blood the sodium chlond of the blood 
decreases whereas the sodium chlond of the lungs correspondingly 
increases It is quite probable that applying similar reasoning to the 
process m bums whei eby fluid is lost to the burned surface one should 
expect lowered chlond content of the blood if the latter has reached a 
stage in fluid interchange in which normal water balance can no longer 
be maintained 

Although the figures are in no sense complete, the data on sodium 
chlond content of the blood (Table 3) plainly indicate that this salt 
played a significant role in fluid interchange at least during the initial 
stage of the injury In general, when blood was highly concentrated, 
the sodium chlond content was distinctly low, and when the value for 
hemoglobin was not so greatly altered, the figures for sodium chlond 
approach very closely those of the normal Expressing it differently, 
almost without exception the sodium chlond values were inversely as 
those for hemoglobin On this basis the data for sodium chlond divide 
the cases into two groups quite as sharply as the hemoglobin figures 
It IS, of course, quite probable that other constituents of the blood, 
especially the remaining inorganic components, play a distinct role in 
the water balance of the body These possible changes were not investi- 
gated It is quite apparent, however, that in the rapid interchange of 
fluid during the inflammatory stage of burns, sodium chlond functions 
prominently This observation tends to establish the hypothesis that in 
acute inflammatory processes the mechanism of fluid interchange in 
response to injury is of similar character whethei the irritating agency 
IS war gas or heat 
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Table 3 — Composttton of the Blood 


Case 

Date, 1921 

1 

1 

1 

Nonproteln 
Nitrogen, 
Mg per 
lOO 0 c 

Orcatinin, 
Mg per 
100 0 c 

Crcntm, 
Mg per 
100 Oc 

Sugar, 
Mg per 
lOO Oc 

Urea, 

Mg per 
100 Oc 

Ohlorids 
as NaCl in 
Percentage 

1 

Nov 28 

38 72 

223 

968 

1661 

17 90 



29 

34 96 

3 26 

8 34 

177 9 




30 

36 08 

214 

17 65 

172 4 

I 

1614 

0 37 

2 

Nov 28 

48 12 

1 70 

11 50 

216 4 

16 50 



29 

63 60 

3 26 

9 37 

194 2 

27 02 

0 31 


SO 

37 00 

2 20 

7 69 

174 8 

19 30 

034 


Dec 1 

41 52 

214 

1310 

1811 

2014 

0 43 

5 

Nov 28 

38 52 

1 59 


133 3 




29 

35 24 

2 59 

700 

135 8 

15 42 



SO 

27 92 

187 

14 29 

1461 

15 86 

0 37 

6 

Nov 28 

37 48 

1 70 

12 50 

121 6 





3613 

3 26 

770 

978 

15 30 

0 44 



33 72 

214 

14 63 

181 1 

, 19 68 


7 


36 84 

163 

14 28 

138 8 


0 47 



33 76 

214 

15 00 

158 7 


0 41 



31 OO 

1 92 

15 42 

1 149 7 

1 

14 80 

0 43 

8 

Nov 28 

42 64 

159 

920 

133 6 

9 42 

0 44 


29 

41 84 

3 41 

14 03 

116 8 




SO 

34 92 

2 20 

10 60 

162 3 

12 82 

0 37 


Dec 1 

38 96 

193 

6 20 

117 6 



9 

Nov 28 

36 40 

1 78 

950 

117 0 

14 32 

4 


29 

33 48 

300 

7 70 

994 

872 



so 

30 28 

202 

16 20 

1282 

16 72 



Dec 1 

37 24 

214 

12 50 

132 9 

1G8G 1 

1 

0 40 

10 

Nov 28 

55 32 

174 

14 29 

109 2 

2208 

033 


29 

50 48 

197 

12 00 

1818 

8016 


11 

Nov 28 

34 72 

187 

923 

133 3 


054 


29 

3164 

300 

750 

1225 





31 08 

1 97 

13 95 

1811 

13 06 

039 


Dec 1 

36 72 

2 82 

12 00 

139 6 

16 32 

036 

12 

Nov 28 

38 24 

2 27 

1016 

173 2 

16 24 



29 

39 04 

2 59 

8 70 

120 4 

16 26 



SO 

38 40 

2 20 

11 75 

138 8 

14 08 


13 

Nov 29 

48 80 

288 

10 55 

195 3 



14 


3136 

1 66 

15 00 

131 2 

18 18 

037 



33 88 

2 34 

910 

088 

13 82 

0 46 



27 44 

1 87 

15 80 

1506 

15 00 

0 45 

15 

Nov 28 

57 72 

2 34 


187 9 




29 

67 44 

3 57 

968 

1461 

22 98 

0 88 


so 

40 40 

214 

10 35 

134 7 

10 44 

0 46 

16 

Nov 28 

25 84 

183 

8 82 

156 2 





34 36 

326 

723 

998 

14 56 




27 44 

1 87 

15 80 

150 6 

15 00 

0 45 

17 


30 52 

187 

10 35 

110 6 

12 02 

0 48 

18 


28 08 

1 71 

1016 

139 2 

13 98 

0 50 

19 


2816 

1 63 

909 

107 8 

13 58 



29 

33 48 

2 59 

8 70 

104 8 


0 47 


30 

33 72 

208 

14 30 

128 2 

994 

060 

20 

Nov 28 

29 60 

1 59 

10 00 

159 7 

13 02 



29 

29 68 

j 
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Various estimations of the urinary constituents nere also carried 
through Owing to the fact that uncertainty exists as to accurate di\ i- 
sion into twenty-four-houi periods these data are omitted 

THE RELATION OF BLOOD CONCENTRATION TO BLOOD PRESSURE 
AND TEMPERATURE IN EXTENSIVE SUPERFICIAL BURNS 

It IS well recognized that m extensive superficial burns there may 
occur a notably low blood pressure which may be accompanied by other 
clinical signs of a shockhke condition or a state of impending shock 
In the analysis of our cases it may be seen (Table 4) that systolic blood 
pressure in a number of instances is low, and that the pulse pressure 
is correspondingly diminished This low pulse pressure coupled with 
the markedly accelerated heart beat, as indicated by the pulse record, 
may be taken as an indication of a failing circulation Such conditions 
maintained for an extended period are most certain to lead to the 
clinical picture of shock Although in the cases of burns under discus- 
sion an actual shockhke condition was lacking, it is quite evident that 
the circulatory disturbances manifested could readily be accepted as 
indicative of impending shock 

The reason for the rapid onset of circulatory failure in burn cases 
has not been definitely established Without discussion of the various 
viewpoints that have been presented, one factor which may play a role 
is the existence of a highly concentrated blood There can be no ques- 
tion that a noteworthy fall in pressure under various experimental 
conditions, as in so-called peptone shock or histamm shock, is accom- 
panied by the lapid development of concentrated blood The fall in 
pressure, per se, however^ can hardly be accepted as the cause for the 
concentrated blood On the other hand, a highly concentrated blood 
may so seriously interfere with the circulatory mechanism that a low 
blood pressure is the consequence In gas poisoning, for instance, a 
shockhke condition may ultimately prevail which is assuredly the result 
of a failing ciiculation primarily induced by a blood highly concen- 
trated, m other words, by a decreased blood volume Applying these 
facts to our knowledge of the conditions attendant on injury through 
extensive superficial burns, and noting the similarity in the mechanism 
leading to circulatory failuie, it is not illogical to assume that a highly 
concentrated blood may be, in large measure, a contributing factor in 
the development of a shockhke condition, or state bordering on shock 
It may be noted, in general, that those cases with the highest initial 
blood concentration also presented the lowest pulse pressure On the 
other hand, some cases showed a low pulse pressure with only a medium 
blood concentration, and some cases gave evidence of highly concen- 
trated blood with normal pulse pressure The resistance or sensitive- 



Table 4 — The Relationship of Blood Concentration to Blood 
Pjessuie and Temperatui e 


Case 

Hemo- 
globin in 
Per- 
centage 

Fluid 

Int.iLc, 

C c 

Pulse 

Tempera- 

ture 

Blood Pressure 

Sjs- 

tolic 

Dias 

tolio 

Pulse 

Pressure 

1 Nov 28 

176, 197 

3,750 

105 

103 5 

120 

65 

55 

29 

174, 165 


110 

102-104 

102 

62 

40 

30 

149, 153 

5,ax» 

lOO 

102-104 




Dee 1 

143, 135 


100 

102-104 

124 

74 

50 

2 

122 

5,340 

100 

102-104 




3 

131 


100 

102-103 

112 

68 

44 

4 

135 


lOO 

102 




5 

127 


95 

101-102 

128 

70 

58 

2 Nov 28 

231, 214, 226 


no 

100-101 

no 

85 

25 

29 

195, 214 

4,150 

100 

98 6-102 

122 

84 

38 

SO 

156, 135 


100 

99 5-102 

120 

68 

52 

Dec 1 

126, 131 


100 

102-104 

134 

64 

70 

2 

133 138 


100 

104 

146 

72 

70 

3 

134 


100 

102-103 

136 

70 

00 

4 

142 


95 

101-102 

154 

82 

72 

5 Nov 28 

167, 161, 155 


95-120 

98 4-102 

114 

75 

39 

29 

150, 149 

6,500 

100-115 

99-102 

120 

62 

58 

30 

138, 120 

V,470 

100-110 

101-102 

130 

68 

62 

Dec 1 

123, 123 



101-102 

148 

72 

76 

2 

112 

7,300 


100-102 

142 

78 

64 

3 

123 



100-101 

144 

84 

60 

4 



95-110 

100-101 




5 

123 


100-110 

99-101 

154 

82 

72 

6 Nov 28 

167, 160 

1,200 

100-105 

101 

136 

80 

50 

29 

153, 144 

3,500 


98 6-102 

120 

74 

56 

30 

139, 131 

6,570 


99 5-101 

132 

66 

66 

Dec 1 

134, 135 

7,400 


99-103 

128 

76 

52 

2 

123 

6,000 

80-100 

100-103 

124 

72 

52 

3 

115 

6,200 

75-100 

100-101 

138 

SO 

52 

4 


4,500 

C{>-S5 

99 




5 

114 

4,500 

65-75 

99 

122 

70 

52 

7 ^ov 28 

153 150 

3 400 

80-110 

101-104 

118 

78 

40 

29 

167, 183 

6 400 

90-U0 

99 5-103 

124 

72 

52 

SO 

135, 135 

5,500 

80-90 

99 5-103 

128 

68 

60 

Dec 1 

127, 133 

4,950 

85 

99 5-103 

122 

70 

46 

2 

119 

6,375 

80-95 

101 5 

IM 

70 

54 

3 

S3 

0,800 

70-00 

lOO 

130 

78 

52 

4 


6,000 

80-95 

99 5-105 5 




5 

133 

6,000 

80-90 

100 

128 

74 

54 

8 Nov 28 

174, 200, 188 

2,700 

85-100 

98-100 

140 

80 

60 

29 

167, 183 

5,820 

85-105 

99-100 

136 

80 

56 

30 

143, 135 

5,800 

105 

99-102 

152 

78 

74 

Dec 1 

127 133 

6,700 

85-105 

102-103 

170 

SO 

84 

2 

126 150 

6,000 

105 

102-104 

168 

74 

94 

3 

139 


100-105 

102 5-103 5 

ISO 

62 

94 

4 

146 



101 5 




5 

130 



100-101 

102 

72 

90 

9 Nov 28 

170, 174 



98-101 

102 

70 

32 

29 

165, 156 


110-120 

99 5-101 5 

120 

72 

48 

30 

139 

9 


101-103 




Dec 1 

1^5, iy5 

6,915 

100-110 

102-104 

138 

90 

48 

2 

125 

6 480 

100-105 

102 

124 

86 

38 

3 

126 

6,900 

100-105 

101 5-102.5 

112 

78 

34 

4 


5 965 


'•9 5-101 




5 

144 

5,000 


99 5-100 5 

120 

74 

46 

11 Nov 28 

165,161 

3,760 


101-102 

130 

80 

50 

29 

161, 161 

6,580 


101-103 

132 

SO 

52 

30 

152, 150 

6,600 

100-125 

103-104 

ISO 

78 

52 

Dec 1 

133, 129 

6,100 

100-120 

102-103 

140 

72 

68 

2 

123 

5,520 


101-103 

142 

76 

66 

3 

125 

4,650 


101-103 

138 

86 

52 

4 


5 000 


99-101 




6 

118 

5 000 


99-100 

124 

82 

42 

12 Nov 28 

167, 167, 169 

2 300 


99-100 5 

lOO 

68 

32 

29 

172, 142 

3,900 

105-130 

99-103 

98 

64 

34 

30 

130, 129 

4,700 

110-130 

102-103 

88 

58 

30 

Dec 1 

126,125 

6,340 

105-110 

102-103 

82 

48 

34 

2 

143 

4,450 

90-110 

102-103 

104 

64 

40 

3 

119 

4,100 

105-110 

102-103 

102 

52 

50 

4 


4000 


100-102.5 




5 


4 000 


100-102 

no 

54 

56 
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Table 4 — The Relationship of Blood Concenii ation to Blood 
Piessure and Tempetatme — (Continued) 


Case 

Hemo 
elobin in 
Per- 
centage 

Fluid 

Intake, 

C c 

Pulse 

Tempera- 

ture 

Blood Pressure 

S>E- 

tolic 

Dias 

tolic 

Pulse 

Pressure 

13 Nov 28 

200, 167, 183 

3,400 

100-130 

99-100 

90 

75 

15 

29 

188, 176, 153 

6,100 

100-125 

100-101 

80 

62 

18 

30 

153, U3, 128 

7,200 

110-120 

100-101 

no 

78 

32 

Dec 1 

123, 119 

5,300 

110-115 

99 5-101 

124 

70 

64 

2 

109, 123 

7,400 

110-130 

102-103 

132 

70 

62 

3 

120 

6,000 

05-120 

102-103 

138 

84 

64 

4 

119 

6,000 

95-130 

102-104 




14 Nov 28 

156, 130 

8,900 

100-120 

100-103 

94 

06 

28 

29 

153, 128 

4,300 

110-120 

100-102 6 

102 

64 

38 

30 

136, 135 

4,900 

100-125 

99-103 

98 

70 

28 

Dec 1 

U9, 123 

5,350 

U5-125 

101-102 

108 

68 

40 

2 

120 

5,250 

105-120 

99 6-102 

106 

64 

42 

3 

114 

6,150 

105-125 

99 5-101 5 

98 

60 

38 

4 


6,000 

95-105 

98 6-99 6 




6 

109 

5,000 

95-110 

98-100 

108 

02 

46 

15 Nov 28 

167, 139 

900 

110-130 

98-102 

104 

84 

20 

29 

146, 133 

3,790 

95-125 

101-102 

96 

78 

IS 

30 

120, 130 

4,550 

95-120 

101-103 5 

96 

68 

28 

Dec 1 

95, 104 

4,635 

■>00-110 

102-103 


i 


2 

103 

5,860 

100-105 

102-103 

124 

64 

60 

3 

94 

6,550 

100-105 

101-102 




4 


6,000 

lOO-UO 

101-102 


1 


5 

92 

5,000 

100 

100-101 

118 

68 

50 

16 Nov 28 

129, 120 

3,300 

100-105 

98 6-100 5 

' 92 

05 

27 

29 

143, 136 

6,050 

85-105 

99 5-100 6 

104 

03 

01 

30 

126, 131 

5,030 

05-110 

99 6-101 

94 

63 

26 

Dec 1 

122, 133 

5,400 

90-100 

99-100 

100 

64 

36 

2 

130 

6,050 

95-120 

98 6-99 5 

104 

64 

40 

3 

136 

5,400 

95-100 

99 0-99 6 

90 

00 

26 

4 

133 

1 6,000 

80-130 

98 6-99 7 




6 

126 

5,000 

95-116 

98 6-99 0 

96 

68 

28 

6 

125 

5,000 

85-100 

98 6-99 0 




17 Nov 28 

150, 136 

2,800 

80-90 

99 6-100 6 

164 

108 

46 

18 Nov 28 

134, 114 

3,700 

90-110 

99-100 

114 

75 

39 

19 Nov 28 

129, 129 

4,200 

80-95 

99-100 6 

no 

85 

25 

29 

127, 138 

5,250 

90-110 

99-103 

118 

80 

38 

30 

139, 142 

5,250 

100-118 

100-101 

108 

76 

32 

Dec 1 

129, 130 

5,000 

1 105-110 

100-101 

118 

74 

44 

2 

120 

5,200 

95-120 

99-100 5 

112 

70 

50 

3 

150 

5,400 

95-110 

99 6-100 5 

108 

74 

34 

4 


5,000 

85-100 

97 6-99 




5 

no 

5,000 

80-90 

97 5-99 5 

no 

68 

32 

6 

128 

5,000 

80-85 

95-98 6 




20 Nov 28 

135, 120 

3,800 

105-120 

100 5 

120 

82 

38 

29 

122, 125 

5,700 

100-110 

95-101 

no 

64 

46 

30 

128, 113 

5000 

70-110 

101-102 5 

118 

60 

68 

Dec 1 

117, 115 

j 5,000 

90-110 

09 5-100 

1 




ness of persons to impending shock is well recognized, and dogmatism 
relative to the degree of blood concentration necessaiy to produce a 
failing circulation in any given case is outside the limits of the present 
discussion 

If blood concentration is an important incident m the development 
of shock in burn cases, it would be logical to assume that treatment 
designed to restore blood concentration to a normal level should also 
be beneficial m the restoration to normal of the pulse pressure In 
Table 4 it is shown that fluid introduction not only caused the blood to 
return to a more normal level, but that the blood pressure also improved 
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to a notable degree From these data, then, it would appear suggestive 
at least that fluid intake should improve the circulation by increasing 
blood pressure From the observations available, it is indicated that 
hlood concentration may play a distinct role in the production of a low 
blood pressure characteristic of certain burn cases 

The relationship of temperature to blood concentration is close In 
war gas poisoning cases temperature changes take place in one of two 
directions as a result of the degree of blood concentration With a 
moderate blood concentration, and with the circulation maintained close 
to normal limits, the temperature rises above the normal If blood 
concentration proceeds to a point at which approximate normal efficiency 
of the circulation fails, the tempeiature falls rapidly to a point far below 
the normal, culminating in death From experience with gas poisoning 
cases, the conclusion was drawn “that the temperature is directly related 
to the efficiency of the circulation, and this, in turn, is determined, in 
part at least, by the concentration of the blood and the pulse rate ” In 
"the observations here discussed the data relative to temperature changes 
are not so clear cut as obtain with blood pressure The association of 
hlood concentration with the initial rise in temperature is, however, 
quite obvious, and it is possible that this increase in temperature may 
he taken as an expression of the effect of a highly concentrated blood 
The later much higher augmented temperature is undoubtedly to be 
interpreted as a sequence of infection of the injured areas 

SUMMARY 

In extensive superficial burns the blood becomes highly concentrated 
This increased concentration of the blood is regarded as an important 
factor in the development of many of the clinical signs and symptoms 
characteristic of burns The recognition that in extensive bums the 
hlood becomes highly concentrated leads to a rational method of treat- 
ment to ohviate the untoward symptoms 

Restoration of normal blood concentration by adequate forcing of 
■fluid IS accompanied by marked evidences of improvement and the 
development of the usual sequels (delirium, unconsciousness, gastro- 
intestinal disturbances, albuminuria, hemoglobmuna) of extensive 
burns is checked The vast majority of badly burned patients ulti- 
mately recover 

Decrease of blood concentration to a point near the normal limits is, 
therefore, of prime importance in the systemic treatment of burn cases 
The determination of the degree of blood concentration may be regarded 
as an index of the patient’s general condition, and will also indicate the 
extent to which fluid should be forced The relationship of blood con- 
centration to fluid interchange in inflammatory reactions, with special 
reference to blood composition and circulatory failure m burns, is dis- 
cussed by illustrative cases 
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REPORT OF CASES ° 

Case 1 man, aged 18, a student, who had had measles, mumps, scarlet 
fever and typhoid, and whose family history was irrelevant, had sustained first 
and second degree burns of the entire face, hands and ears Heart and lungs 
negative. 

Treatment” consisted of paraffin spraj's applied to the burned areas, followed 
later by skin grafting No complications arose during convalescence Recovery 
was complete 

Case 2 — A man, aged 22, had had typhoid fever His mother had been 
treated for tuberculosis His father died in a fire The patient had sustained 
first and second degree burns of the face and hands The heart and lungs 
were negative 

Treatment consisted in immersing the hands m boric acid solution The 
face was sprayed with paraffin Skin grafts were applied to the ears and 
hands No complications ensued The patient recovered completely 

Case 3 — A woman, aged 25, a telephone operator, had had influenza three 
years ago A slight cough has persisted since Otherwise her history is 
negative The family history is irrelevant Second degree burns involved the 
face, eyelids, nose, cheeks, chin, ears, arms, wrist and hands with first and 
second degree burns of the back, buttocks and the backs of the thighs The 
pulse was rapid and of poor quality The heart and lungs w'ere not examined 
because of the poor condition of the patient 

Treatment consisted of continuous tub baths The pulse rose to 160 It 
was irregular and of poor quality The woman died twenty hours after 
admission 

Case 4 — A girl, aged 5, whose personal and family histones were not com- 
plete, sustained a second degree burn of the entire face and of both arms to 
the elbow, and first degree burns of both legs The heart and lungs were 
essentially negative, except for a rapid pulse on admission 

Treatment consisted of the use of petrolatum and boric acid ointment dress- 
ings Complications were purulent otitis media and conjunctivitis with 
hypopyon Seventeen days after the accident pneumonia developed Oxygen 
was administered through a nasal catheter The patient died twenty-four hours 
after the development of the pneumonia, on the eighteenth day after the accident 
Case S — Man, aged 21, a tiuck driver, with irrelevant personal and family 
histones, sustained first and second degree burns of the face, ears and hands 
The heart and lungs are negative 

All burned areas were cleaned with boric acid compresses Later skin grafts 
were applied Recovery was complete 

Case 6 — -A man, aged 21, a student, who had had mumps, measles and 
whooping cough, with irrelevant family history, sustained second degree burns 
of the face and hands The heart and lungs were negative 

Bone acid ointment was applied to the face The hands were immersed in 
boric acid solution Recovery was complete 

Case 7 — A man, aged 22, a plumber, who had had the usual childhood dis- 
eases, and whose family history was irrelevant, presented chiefly first degree 
burns of the face, neck and hands The lungs were negative The heart, 
except for an occasional extra systole, was negative 

Treatment consisted of the application of continuous wet dressings of boric 
acid solution, and skin grafts to the ears Recovery was complete 


5 The data herein recorded are added for the purpose of showing the 
extent of the burns No attempt has been made to give a detailed account of 
the clinical signs and symptoms 

6 In all cases systemic treatment consisted m the forcing of fluid 
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Case 8 — A man, aged 18, a student, who had had the usual diseases of 
childhood, sustained second degree burns of the face, neck and hands His heart 
and lungs were negative 

Treatment consisted of constant wet dressings of boric acid solution applied 
to all burned areas, and the application of skin grafts to the ears and hands 
Recovery was complete 

Case 9 — A man, aged 21, a student, had had pneumonia and rheumatic pains 
m the shoulder and knees His family history was essentially negative He 
sustained second degree burns of the face, neck and ears and first degree burns 
of the hands and legs His heart and lungs were negative 

Constant wet dressings of boric acid solution were applied to the burned 
areas Skin grafts were applied to both ears Recovery was complete 

Case 10 — Middle aged man with meager history First and second degree 
burns on hands, face, feet and legs 

Case 11 — A man, aged 18, a student, who had had the usual diseases of 
childhood, and whose family history was essentially negative, sustained first 
and second degree burns of the face and hands His heart and lungs were 
negative 

A paraffin film was applied to the face The hands were immersed in boric 
acid solution Skin grafts were applied to the hands and ears Recovery was 
complete 

Case 12 — K woman, aged 47, a housewife, with essentiallv negative history, 
sustained first and second degree burns of the face and hands The heart and 
lungs were negative 

Picric acid solution was applied to the burned areas Skin grafts were 
applied to the hands and ears Recovery was complete 

Case 13 — A woman, aged 37, a housewife, uas admitted m a very serious 
condition entailed by severe second degree burns of the face and hands, and 
first degree burns of the chest, back and legs The patient was very obese 
The heart and lungs were not examined 

Paraffin sprays were applied locally Pneumonia developed seven days later 
and the woman died 

Case 14 — A woman, aged 24, a housewife, with irrelevant history, sustained 
first and second degree burns of the face, neck, shoulders, chest and hands 
Paraffin was sprayed locally Recovery was complete 
Case 15 — A woman, aged 25, a houscuife, whose husband was also burned, 
sustained second and third degree burns of the hands, face and legs Her 
heart and lungs were negative 

Picric acid powder was applied to the burned areas The patient was 
removed by her private physician to her home for treatment Recovery was 
not reported 

Case 16 — A woman, aged 27, a nurse, who had had scarlet fever, sustained 
first and second degree burns of the hands and face Her heart and lungs 
were negative 

Paraffin was applied locally Recover}' was complete 
Case 17 — A woman, aged 63, a housewife, had been treated for high blood 
pressure She had had a “shock ” Second degree burns of both hands were 
incurred as well as first degree burns of the nose A loud systolic aortic 
murmur was heard The pulse beat was irregular Blood pressure was 
200/130 The lungs were negative 

Paraffin sprays and boric acid ointment were applied locally The patient 
left against advice Recovery was not reported 

Case 18 — A woman, aged 23, a clerk, had had measles and scarlet fever 
during childhood She sustained first and second degree burns of the face 
and hands The heart and lungs were negative 

Treatment consisted of paraffin sprays and boric acid ointment applied 
locally She left against advice Recovery was not reported 
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Case 19 — A woman, aged 28, a housewife, who had had the usual diseases 
of childhood, sustained first degree burns of the face, and first and second 
degree burns of the hands Her father was burned at the same time 
Treatment consisted of local paraffin sprays Recovery wms complete 
Case 20 — A woman, aged 31, a housew'ife, wdio had had the usual diseases 
of childhood, sustained first and second degree burns of the arms and hands, 
and first degree burns of the nose and legs Her heart and lungs were negatue 
Treatment consisted of local paraffin sprays She w'as discharged to her 
family physician for further treatment Recovery w-as not reported 

Case 21 — A man, aged 18, a printer, who had had the usual diseases of 
childhood, and whose father died from tuberculosis and the mother from pneu- 
monia, sustained first degree burns of the right cheek His heart and lungs 
were negative 

Treatment consisted of the use of boric acid ointment locally Recovery 
was complete 



OBSERVATIONS ON ONE HUNDRED AND NINETY-TWO 
CONSECUTIVE DAYS OF THE BASAL METABO- 
LISM, FOOD INTAKE, PULSE RATE, AND 
BODY WEIGHT IN A PATIENT WITH 
EXOPHTHALMIC GOITER 

CYRUS C STURGIS, MD 

BOSTON 

Careful studies during recent years have demonstrated, beyond 
question, that an elevation of the basal metabolism is a constant finding 
in the syndrome of exophthalmic goiter Many careful observations 
have definitely established this fact and lender additional and similar 
investigation m this direction superfluous It seems probable, however, 
that further useful knowledge may be gained by the careful and 
intensive study of the daily metabolism of persons with exophthalmic 
goiter over a long period of time By so doing our information con- 
cerning the relationship between the heightened metabolism and this 
disease may become more accurate and thereby extend the usefulness 
of basal metabolism determinations in clinical medicine The present 
series of observations of the metabolism of a patient with exophthalmic 
goiter continued over an interval of 202 days, and the determinations 
were made for the purpose of securing data bearing on the following 
questions 

1 The range of variation in the basal metabolism in exophthalmic 
goiter on consecutive days 

2 The relationship between the basal metabolism and the resting 
pulse, food intake and body weight 

3 The effect of various types of treatment on the daily basal 
metabolism 

Incidentally, an opportunity was afforded to note the effect of an 
acute infection on the course of the disease, and to ascertain the 
influence of the menstrual cycle on the basal metabolism 

REPORT or A CASE 

History — The patient was an Irish woman aged 32 years, who entered the 
hospital complaining of “nervousness ” She had always been strong and healthy, 
with the exception of rather severe attacks of tonsillitis, which had occurred 
almost every year The last attack had occurred two years before She had 
been married for thirteen years, and her family consisted of two healthy girls, 
12 and 8 years of age She had always worked hard, caring for her own 
household entirely alone, and doing laundry work for private families five 
days out of the week Her husband had been unable to obtain work for some 


* From the Medical Clinic of the Peter Bent Brigham Hospital, Boston 
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time, and this had added to the strain of extra laoor uhich she had been 
obliged to perform She had worried considerabh about “making both 
ends meet” 

The onset of the present illness occurred about six months before admission, 
when she noticed that she became unusually tired and nervous at the end of 
a day’s work She was inclined to be “high strung” and de\ eloped emotional 
instability m the form of frequent attacks of weeping At this time, she 
suffered from palpitation and moderate dj^spnea on exertion Her appetite 
became unusually hearty, yet her weight steadily decreased from 155 pounds 
(703 kg) to 125 pounds (56 7 kg) in SIX months She observed a con- 
tinuous feeling of warmth and an abnormal tendency to perspire On account 
of this feeling of warmth, she used few bed clothes and did not dress heavilj' 
even in the coldest weather Her husband had noticed for several months 
previous to admission that her face had become darker, and that there was 
a slight puffiness under the eyes Her condition gradually became worse 
although she had continued to do her own household duties as well as out- 
side laundry work until the day of admission 

Physical Evavimation — The patient was well developed and nourished She 
had the characteristic demeanor and quick movements so often observed in a 


Table 1 — Oidei of Obsovattons 



Date 

Day of 
Observation 

Admitted to hospital 

March 1 

1st 

Acute tonsillitis 

Forced feeding begun and continued throughout patient’s 

From March 13 
to March 18 

12tli to 17th 

stay in the hospital 

Roentgen ray treatments 

March 29 

28th 

1st 

Apnl 15 

45th 

2d 

May 2 

C2d 

3d 

Mav 23 

83d 

4 th 

June 13 

104 th 

Ligation of left superior thyroid arterj 

July 27 

142d 

Ligation of right superior thyroid artery 

Thyroidectomy attempted, unfavorable reaction toward 

July 31 

14Gth 

anesthetization 

August 16 

162d 

Thyroidectomy under local anesthesia 

August 22 

ICSth 

Discharged from hospital 

September 19 

202d 


patient with exophthalmic goiter Her face had a slightly dark brown tint 
There was no outspoken exophthalmos, although the eyes were somewhat 
prominent There was a suggestive lid lag The heart was not enlarged 
The pulse was regular, of the collapsing t 3 'pe, and the rate was rapid There 
was moderate enlargement of the thyroid gland, which included both lobes 
and the isthmus There was a systolic thrill over both lobes, and a systolic 
and diastolic bruit The skin was warm and moist There was marked char- 
acteristic tremor of the extended fingers 

Uitne Examination — Unnalvsis revealed albumin, 0, sugar, 0, the sediment 
showed rare white blood cells, no red blood cells or casts 

Roentgen-Ray Ei animation — The chest was symmetrical with a normal dia- 
phragm The heart was somewhat enlarged, and the tracheal shadow was 
somewhat constricted and displaced tow^ard the left side The lung fields were 
essentially clear 

In the electrocardiogram, the curves w^ere normal, with the exception of a 
slight prolongation of the P-R conduction time 

Couise m Hospital — The patient remained at complete rest in bed in the 
hospital, with the exception of walking to the toilet once or twice daily She 
was permitted to eat all she desired, and a particular attempt w^as made to 
furnish her with the articles of diet which appealed to her taste On March 12, 
ten days after admission, the patient developed an acute tonsillitis wuth fever, 
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which persisted for six days, and at intervals reached 103 F On March 20, 
twenty-seven days after admission, a special effort was begun to encourage 
the patient to eat more food From that date until April 15, a period of 
nineteen days, no other treatment than a high caloric diet and rest in bed was 
given On April 15, after the patient had been in the hospital for forty-five 
days, the first roentgen-ray treatment over the thyroid gland was given, and 
three additional treatments at intervals of approximately three weeks followed 
The patient was then observed for a period of forty-four days after the last 
treatment to determine the result of this therapy As no change was apparent 
m the basal metabolism at the end of that time, it was decided that surgery 
was advisable Accordingly, on July 27, the left superior thyroid was ligated 
under procain On July 31, a similar procedure was performed on the right 
superior thyroid artery On August 16, sixteen days after the last ligation, 
an attempt was made to perform a thyroidectomy, but the patient developed 
such an alarming reaction, following the administration of the anesthetic, that 
the operation was abandoned for that day Six days later, on August 22, the 
right lobe and about three-fourths of the isthmus were removed under local 
anesthesia For several daj^s following the operation the patient was in an 
extremely precarious condition Her condition greatly improved, and she left 
the hospital on September 19, on the two hundred and second day of obser- 
vation Her condition subjectively and objectively was improved although the 
metabolic rate remained elevated, averaging about 25 per cent above normal 
Arrangements were made so that she could rest at home and return to the 
hospital once a week for observation and advice concerning her future care 
The chronological sequence of events which occurred during the period of 
observation of this patient is given in summary in Table 1 

METHODS or STUDY 

The patient’s metabolism was determined each morning at approximately 
the same hour (8 30 to 9 a m ) after a complete fast of from twelve to 
fourteen hours The heat production was calculated by indirect calorimetry, 
and rigid attention to all details was observed m order to make the results 
as accurate as possible The expired air was collected by means of a half 
mask and a modified Tissot spirometer, equipped with suitable valves, for a 
minimum of two nine minute periods ' A different spirometer, mask and valves 
were used for each period, and duplicate check analjses on the portable 


1 The patient was under continuous observation in the hospital from 
March 1, 1922, to Sept 19, 1922, an interval of two hundred and two days, with 
the exception of six days from June 16 to June 21, inclusive She was per- 
mitted to return home at this time, as she was worried about the care of her 
children, and it was thought that a short visit to her home would permit her 
to adjust her household affairs and relieve her mind of this source of anxiety 
She remained in bed at home throughout her visit of six days The patient’s 
metabolism was noted for two full nme-minute periods on each day that she 
was in the hospital, with the following exceptions On July 30 and Septem- 
ber 4, one period, and on September 19, both periods were lost as a result of 
technical errors On August 16, a determination could not be made as the 
patient was completely anesthetized on that day On the second and third 
days following the operation the patient’s condition did not permit the metabo- 
lism to be determined On August 22, about two hours after the thyroidectomy, 
only one six-minute period was obtained, and on August 23, the first post- 
operative day, the results were calculated from one seven-minute period 
Therefore, while the patient remained under observation for two hundred 
and two days, she was in the hospital only one hundred and ninety-six days, 
the basal metabolism was determined on one hundred and ninety-two, and two 
satisfactory nine-minute periods were obtained on one hundred and eighty-eight 
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Haldane gas-analysis machine were required on eacn sample of expired air 
Outdoor air analyses were performed, at intervals, on each gas analysis 
apparatus By such an arrangement, therefore, the metabolism m each period 
was estimated by a totally different set of apparatus, which obviated the 
occurrence of an undiscovered error in technic The adherence to such a pro- 
cedure, which IS somewhat more elaborate than is usually used m clinical 
metabolism studies, was deemed essential m this work in order to appraise 
properly the minor changes m metabolism on consecutive dajs The basal 
metabolism, when calculated from single periods, though of value when con- 
sidered with the clinical data concerning the patient, cannot be regarded as 
highly accurate 

One hundred and ninety-two basal metabolism determinations were made 
on this patient It seems a fair criterion in clinical medicine that the final 
metabolism result be expressed as the average of two periods which check 
within 5 per cent" of each other The following is a summary of the 188 
metabolism estimations made on this patient, with a statement concerning the 
accuracy of the result as indicated by the approximation of the two periods 
On thirty-eight days, the two periods agreed absolutel 3 s on fort}'-sevcn days, 
they were within 1 per cent of each other , on thirty-five days, they were 
within 2 per cent , on thirty-two days, within 3 per cent , on eighteen days, 
within 4 per cent , and on nine days, within 5 per cent A consideration of 
the foregoing figures shows that in 81 per cent of the determinations the two 
periods of each day’s determinations were within 3 per cent of each other, 
while in 94 5 they were within 5 per cent of each other There were ten 
determinations wherein the periods varied more than 5 per cent , the differ- 
ences being as follows three of 6 per cent , three of 7 per cent , two of 8 per 
cent, one of 10 per cent, and one of 11 per cent These differences all 
occurred either during the first few weeks after the patient’s admission, or in 
the few weeks following the thyroid artery ligations and the lobectomy, both 
intervals during which the patient’s condition was very unstable From 
March 20 until August 11, an interval of 134 days, the two periods on each 
day agreed within 5 per cent 

DAILY VARIATION IN BASAL METABOLISM 

There is no data m the literature beaiing on the daily variation in 
the basal metabolism on consecutive days m patients with exophthalmic 
goiter Benedict ® has discussed this variation m normal men, and in a 
series of thirty-five men he found that m periods from five to fifty- 
three days, m experiments which extended over an inteival varying 
from five days to four years and fi\e months, the minimum and maxi- 
mum variations were 3 5 per cent and 313 per cent, respectively 
Benedict and Cathcart,^ m the course of studies wherein the daily 
metabolism of a person was determined almost daily from Dec 7, 1911, 
to Feb 29, 1912, reported that the oxygen consumption \aried from a 

2 All results of the basal metabolism determinations throughout this paper 
are expressed in per cent of the average normal according to the standards 
of DuBois Hereafter the percentage increase over the average normal is 
indicated by the figure with a plus sign preceding it 

3 Benedict, Francis G Factors Affecting Basal Metabolism, J Biol 
Chem 20 263, 1915 

4 Benedict, Francis G , and Cathcart, Edward P Muscular Work A 
Metabolic Study with Special Reference to the Efficiency of the Human Body 
as a Machine, Washington, D C, 1913 Carnegie Institution of Washington 
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minimum of 225 c c to a maximum of 262 c c , although the environ- 
ment and diet of the person remained constant, except on certain days 
when conditions were admittedly abnormal, and on these the metabolism 
results were therefore excluded Benedict concludes that the basal 
metabolism of a person is a function, first, of the total mass of active 
protoplasmic tissue, and second, of the stimulus to cellular activity 
existing at the time the measurement of the metabolism determination 
IS made The latter, he feels, accounts for the variations in the metab- 
olism of normal persons which occurs from day to day 

In order to obtain an accurate estimate of the variation in the basal 
metabolism of the patient herein reported, it was necessary to exclude 
certain days when such abnormal factors as fever and operative pro- 
cedures were adequate to account for marked changes m the basal 
metabolism With the exception of a febnle period of five days, which 
was associated with an acute tonsillitis, and of se\eral days immediately 
following the thyroid arter}^ ligations and thyroidectomy, when there 
was slight fever, the patient’s temperature did not exceed 99 F by 
mouth The body tempeiature was carefully determined after the 
patient came to the laboratory, once just before the first metabolism 
period and again between the fiist and second periods With the elim- 
ination of the periods, when obviously abnormal conditions prevailed, 
there remained the observations on 142 days, on which conclusions may 
be based 

The greatest fluctuations in the metabolic rate occurred during the 
patient’s first eleven days in the hospital During this time •(Chart 1) 
the greatest change from one day to the next amounted to 33 per cent , 
this being the difference between the determinations on the first and sec- 
ond days This merel) emphasized what is already well known but 
not fully appreciated by many clinicians, that, owing to apprehension, 
the first metabolism determination on any patient is likely to be higher 
than subsequent ones It is interesting to note, however, that in the 
observations between the tenth and eleventh days after the patient’s 
apprehension had been completely eliminated, there was a change as 
great as 23 per cent This clearly illustrates that not only the initial, 
but some of the early subsequent, metabolism tests may show a 
change of considerable magnitude, which may easily lead to an incor- 
rect judgment as to the future care of the patient This is stnkingly 
apparent on considering Chart 1 If only two isolated observations had 
been made on this patient, one on the first day and one on the eleventh 
day, the conclusion would have been that the metabolism was falling 
rapidly, had the two observations been made on the second and tenth 
days, the conclusion would have been that the metabolism was remain- 
ing stationar}^, had they been made on the eighth and tenth days, the 
conclusion would have been that the metabolism was rising Two 
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observations, therefore, do not indicate in every patient whether the 
course of the disease is upward, downward or stationary, but more 
tests must be made which will more nearly form a curve on which to 
base judgment A survey of the patient’s daily metabolic rate from 
March 19 to July 26, just before the operative procedures were insti- 



Chart 1— The basal metabolism m per cent of the average normal person, 
resting pulse rate per minute and body weight in kilograms for the first eleven 
days m the hospital Note the difference (34 per cent ) between the determina- 
tions on the first and second days, and also the difference (23 per cent ) between 
the determinations on the tenth and eleventh days 

tuted, indicates that the patient’s condition had become stable During 
this interval of 123 days, the level of the basal metabolism remained 
remarkably constant In this series of 123 estimations on consecutive 
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days, the greatest daily difference was 14 per cent In 80 5 per cent 
of the determinations, the variations from one day to the next were 
within 5 per cent of each other, which is considered not above the 
limit of error, in 96 per cent the variation was within 8 per cent , in 
only three instances was the daily variation over 10 per cent , these 
differences were 13, 14 and 11 per cent The greatest variations often 
followed a period when the patient was nervous oi upset over home 
conditions, and m a number of instances they followed a more or less 
sleepless night It is to be expected that changes in the basal metabolism 
would occur m a patient with exophthalmic goiter under the influence 
of nervousness, worry, apprehension or fear, and it seems remarkable 
that even greater fluctuations did not result from such factors in a 
patient with a disease which is characterized by marked emotional insta- 
bility In rare instances, however, there were changes in the metabo- 
lism which could not be accounted for by excitement or other known 
factors It IS impossible to state whether these fluctuations resulted 
from variations m the stimulus, which is the cause of the accelerated 
metabolism in exophthalmic goiter, or whether they were due to slight 
muscular movements which escaped notice despite the closest observa- 
tion These observations emphasize the importance m clinical medi- 
cine of a conservative attitude towaid the interpretation of single 
metabolism determinations A few isolated tests, particularly during 
the first week or two of the observation period, might easily lead one 
to an erroneous conclusion concerning the course of the disease After 
the patient’s condition has become more or less stable, the fluctuations 
m the metabolism are much less, but even then they may m rare 

instances amount to as much as 14 per cent fiom one day to the next 

» 

THE RESTING PULSE RATE 

\ 

A study of the correlation between the resting pulse rate and the 
basal metabolism m this patient revealed little m addition to what has 
already been observed The resting pulse was determined according 
to the method previously described ® Immediately after the patient ^vas 
brought to the laborator}'’, the radial pulse rate, was counted for a full 
minute every third minute while the patient was resting quietly in bed 
After the pulse rate had become constant, which was usually in one- 
half hour, the expired air was collected for two nme-mmute periods 
During these two periods the pulse rate was counted every third min- 
ute, and the average of these counts has been taken as the resting pulse 
rate It is of interest to note that this patient fell into the rather small 
group of persons who have an increased metabolism and a relatively 

5 Sturgis, Cyrus C , and Tompkins, Edna H A Study of the Correlation 
of the Basal Metabolism and Pulse Rate in Patients with Hyperthyroidism, 
Arch Int Med 26 467 (Oct) 1920 
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slow pulse rate The initial metabolism observation was -f- 108, while 
her pulse rate at this time was 110 per minute, which is somew^hat lower 
than IS ordinarily encountered in association wnth such high metalio- 
hsm Thereafter, during a greater part of the patient’s stav m the 
hospital, the pulse rate w^as usually betw'een 75 and 85 pei minute 
Once the ratio between the basal metabolism and the pulse rate had been 
established, the latter indicated accurately the changes m the metabo- 
lism with f ew'^ exceptions Read ® has studied the correlation betw een 
the basal metabolic rate and pulse and pulse pressure and has observ cd 
that a patient with an increased metabolism and a relatively slow^ pulse 
IS likely to have a high pulse pressure He is of the opinion, therefore, 
that a combination of the pulse rate and pulse piessure is a better 
index of the response of the circulatory system than either one wdien 
considered alone It is of interest m this patient that m association wnth 
the relatively slow pulse, the pulse pressure w^as always rathei large, 
fluctuating between 70 and 90 mm of mercury, which is in accord 
with Read’s observ^ations 

RELATIONSHIP BETWEEN THE FOOD CONSUMPTION, ENERGY 
EXPENDITURE, AND BODY WEIGHT 

Friedrich Muller first called attention to the loss of body weight 
and nitrogen m patients with exophthalmic goiter, despite the large 
amount of food consumed, and it was he who first emphasized that this 
vras an indication of an accelerated metabolism It is now well estab- 
lished that the dietary requirements are increased in patients with this 
disease on account of their increased heat production The combi- 
nation, therefoie, of a large food intake and a loss or failure to gam in 
body weight, when encountered m the clinical history of a patient, 
should suggest the possibility that the patient’s metabolism is increased 
The only other common clinical entity which presents these circum- 
stances IS diabetes melhtus Patients wuth an increased metabolism 
do not always lose weight It may occur that the food consumption is 
so large that it compensates adequately for the dissipated energy and 
at the same time provides sufficient calories to pernut the deposition 
of fat and protein m the form of body tissue, with a resultant sub- 
stantial increase m body w^eight In order to obtain more accurate 
data concerning the correlation betw^een the food consumption, body 
weight and metabolism in patients with hyperthyroidism, a surv^ey w^as 
made from the records of this hospital of fifty patients with hyper- 
thyroidism The average basal metabolism of this group was 44 

6 Read, J Marion Correlation of Basal Metabolic Rate wnth Pulse Rate 
and Pulse Pressure, J A M A 78 1889 (June 17) 1922 

7 Muller, Friedrich Fur Kennt der Basedow’s Krankheit, Deutscli Arch 
f klin Med 51 335, 1893 
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per cent , the lowest metabolism encountered m the series was -f- 18 per 
cent , while the highest was -j- 86 per cent Thirty-eight or 76 per cent 
of these patients gave a history of loss of weight, averaging 26 pounds 
(1179 kg), over an average length of time of eleven months In 
68 per cent of the cases, there was a statement in the history that the 
loss of weight had occurred even though the appetite had been good 
or abnormally hearty 1 he combination of an elevated metabolism and 
a small food intake results inevitably m a marked loss of weight due 
to the consumption of the person’s own tissue in order to supply the 
caloric requirements One patient in this group had a poor appetite for 
eighteen months, and throughout this interval his metabolism remained 
moderately increased There was a resultant decrease in body weight 
from 220 pounds (99 79 kg) to 115 pounds (52 16 kg) The loss, 
gam or stationary level of the body weight depends on the relation- 
ship between two factors the eneigy provided in the form of food, 
and the total amount of energy expended, which is dependent chiefly 
on the level of the basal metabolism and the amount of muscular 
activity One patient of this group gained 50 pounds (22 68 kg ) in 
three months, though he was not resting in bed and regardless of the 
elevation in his basal metabolism, which was always over ~\- 50 per 
cent His appetite during this period was insatiable 

Hirschlaff ® has reported the most intensive, careful and complete 
metabolism studies of a patient with exophthalmic goiter The patient 
was a girl, aged 21 years, who had the classical symptoms and signs of 
the disease For forty-six days the average food consumption in 
calories was 5,300 It was calculated that food amounting to 360 
calories were lost daily in the feces During the time the patient’s 
weight increased from 41 7 to 53 5 kilograms, a gam of 11 8 kg This 
observer calculated that 5 6 kg of this represented “flesh” while 6 2 kg 
was stored as fat Eoothby ^ studied the food intake and basal metabo- 
lism in two patients with hyperthyroidism and decided that the caloric 
requirements in these patients was about 75 per cent greater than the 
requirements as calculated from the basal metabolism 

The studies on the patient herein reported are summarized in Table 2 
The average daily food intake foi each week is shown in grams of 
protein, fat, carbohydrate and total calories, while the energy expendi- 
ture is represented by the column of figures showing the average daily 
basal metabolism for twenty-four hours In addition, a column has 
been included which represents the average basal metabolism per twenty- 

8 Hirschlaff, W Zur Pathologic und Klinik des Morbus Bascdowii, 
Ztschr f klin Med 36 200, 1899 

9 Boothby, Walter M , and Sandiford, Irene A Preliminary Note on the 
Food Requirement m Hyperthyroidism, Med Clin of N A 5 425 (Sept) 1921 
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tour hours, to which has been added 10 per cent for the specific 
dynamic action of food, and 15 per cent for additional movements 
while the patient is in bed If the assiunption as to the amount of 
calories consumed m the specific dynamic action of food and the move- 
ments m bed are correct, the figures m this column should indicate, 
theoretically, the approximate amount of energy expended by the 
patient each twenty-four hours The last column shows the a\erage 
weight per week m kilograms 

A consideration of Table 2 shows that the daily average food intake 
for a period of twenty-eight weeks was 3,953 calories per twenty-four 
hours, while the average daily energy expenditure, according to the 
method of computation already stated, was 2,349 calories The differ- 



Chart 2 — Relationship between the average twenty-four hour caloric intake 
and expenditure and body weight per week for twenty-eight weeks A, number 
of calories m the form of food consumed by the patient, B, energy expenditure 
per twenty-four hours calculated from the basal metabolism, to which has 
been added 10 per cent of the total caloric intake for the specific dynamic 
action of food, and 15 per cent for additional movements while the patient was 
resting in bed, C, body weight in kilograms The average weekly energy 
expenditure remained fairly constant throughout the entire obser\ation period, 
while the body weight, which varied widelj', was directly proportional to the 
amount of food consumed 

ence between the energy intake and expenditure is, therefore, 1,604 
calories, which must be accounted for by (a) food which is not 
absorbed but is lost in the feces, (&) food which is ingested and 
absorbed but not burned and, therefore, stored as body fat and protein 
(c) additional movements which are eliminated during the basal period 
but are present more or less constantly during the day Any additional 
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energy expenditure held to be accounted for under this head, then, 
would indicate that the original theoretical allowance of 15 per cent 
for mo-\ements while in bed was inadequate 

A consideration of the investigations relating to the utilization of 
food 111 patients with exophthalmic goiter indicates that as much food 
IS absorbed as in a normal person The average of the various food 
constituents found in the stool, as reported by F Muller and Hirsch- 
laft,^" IS as follows carbohydrate 6 2 per cent , fat 10 9 per cent and 
nitrogen 8 1 per cent Applying these averages to the protein, fat and 


Table 2 — The Daily Avetagc Food hiiake. Basal Metabolism, Estimated Total 
Eneigy Expeiiditui e and Body Weight per Week foi 
Tzueiity-Eight IFeeks 


Weeks 

Date 

Protein 

Pooc 

Pat 

Intake 

Garbo 

hydrate 

Calo 

Ties 

Basal 

Metabolism 
per 24 
Hours 

Basal 

Metabolism 
per 24 

Hours + 25 
per Cent * 

Body 

Weight 

■ni 

March 

S 

76 

127 

233 

2,448 

2,311 

2 889 

51 4 



15 

54 

89 

132 

1,500 

2,235 

2,723 

490 



22 

52 

89 

165 

1,717 

1,972 

2,452 

45 6 



29 

87 

143 

263 

2,765 

1,776 

2,250 

44 8 


April 

5 


350 


4,920 

1,774 

2,775 

45 7 



12 

106 

363 

336 

5,188 

1,851 

2,331 

47 6 



19 

108 

370 

295 

5,093 

1,838 

2,297 

49 0 



26 

106 

379 

397 

5,587 

1,885 

2,357 

51 5 


May 

3 

120 

397 

422 

5,914 

1,060 

2,110 

535 



10 

104 

353 

412 

5,399 

1,911 

2,389 

549 

11 


17 

105 

39S 

377 

5 678 

1,807 

2,390 

552 

12 


24 

93 

352 


5,320 

2,064 

2,580 

505 

13 


31 

90 

326 

331 

4,758 

2,029 

2,554 

580 

14 

June 

7 

75 

271 

326 

4,164 

2,046 

2,538 

581 

15 


14 


279 


1,124 

1,946 

2,415 

581 

16 


27 


223 

256 

3,411 

1,865 

2,382 

695 

17 

July 

4 

77 

255 

324 

4,016 

1,889 

2,374 

59 4 

18 


11 



299 

3,972 

1,862 

2,328 

59 6 

19 


18 

86 


325 

4,484 

1,874 

2,343 

60 3 



25 


244 

322 

3 917 

1,922 

2,402 

609 

21 

4ug 

1 

41 

124 

186 

2 084 

1,947 

.2,438 

595 

22 


8 

43 


260 

3,102 

1,796 

2,249 

57 5 

23 


15 

72 

226 

321 

3 713 

1,779 

2,227 

57 9 

24 


22 


193 

234 

3,000 

1,676 

2,094 

572 

25 


29 

41 

160 

230 

2,599 

1,863 

2,344 

540 


Sept 

5 

89 

278 

323 

4,275 

1,637 

2,046 

543 



12 

76 

254 

288 

3 855 

1,633 

2,028 

551 



19 

73 

231 

286 

3,620 

1,463 

2,133 

54 8 

■ 

Aierage 

80 

2oS 

299 

3,953 

1,882 

2,349 

546 


* Ten per cent added for the specific djnnmle action of food, and 15 per cent for 
additional movements in bed 


carbohydrate intake of this patient, it would indicate that an average 
of 362 calories, or 9 2 per cent , of the total caloric intake were lost 
daily in the feces This seems to be a fair estimate of the average 
amount of food lost in the stools in patients with exophthalmic goiter 
who are consuming a high calorie diet, and hence this value, based on 
the observations of Muller and Hirschlaff, has been used Another 

10 Muller, Friedrich, and Hirschlaff, W, quoted by Magnus-Levy in Von 
Noorden, C Metabolism and Practical Medicine, Chicago, W T Keener 
& Co 3 1000, 1907 

























STURGIS-EXOPHTHALMIC GOITER 


61 


possible source of energ}'^ loss, in some patients with this disease, is a 
gl}cosuria which may be of importance In this patient repeated exami- 
nations of the mine did not show the presence of sugar The food 
\\ Inch \\ as stoi ed as bod}- tissue is i epresented in this patient by a gam 
m u eight of 3 4 kg As gl 3 ^cogen is not stored in an appreciable 
amount, it is infened that this gam in body weight must be represented 
b} deposits of fat and piotein As the chemical studies were incomplete 
m this case, it is impossible to state the exact proportion of these two 
food elements uhich weie stored Judging from the studies m Hirsch- 
lafl s ^ case, it w ould be approximately correct to assume that 50 per 
cent was stored as fat and 50 per cent as piotem A deposition of 
1 7 kg of fat and a like amount of protein over a period of twenty- 
eight weeks would represent a caloric value of 132 calories daily A 
summar\ of the caloiic intake and expenditure for the twenty-eight 
weeks’ obser\ation period is presented m Table 3 


T MILE 3 — Suinwatv of Calotte Intalc and Enctgy Expendttntc fot 
One Ilundicd and Ntnciy-Stx Days 


WenRO (Inlh caloric Intake 

(Protein Si Rin , fat 2'>S Rin , carbobj drntc, 209 gm J 

Coniputwl inorg% c\j>on(iiturc 

3,953 

2,349 

(11 \'al inctaboli'in jilii'i 23 per cent ) 

1,G04 

Cilorie® lo^t in feoe dailj (C'tiinatcl 

362 


1,242 

Cilonc= stored a« fat tinl protein dtih (tstiniatcd) 

132 


1,110* 


* One tliouc'ind ono luinclrcd nnd ten cqunls 39 per cent of nverneo basal metabolism 


As all known sources of energy expenditures ha^e been considered, 
as indicated in Table 3, it must necessarily be deduced that the balance 
of 1,110 calorie*;, which constitutes 59 0 per cent of the average daily 
basal metabolism, must Iiace been consumed m the almost incessant, 
semipurposeful mo\cments, wduch are so characteristic of a patient with 
exophthalmic goiter It appears, therefore, from the data just submitted 
that an allowance of 15 pei cent for additional movements while in 
bed 1 *; an insufficient amount by 59 per cent of the basal metabolism 
In calculating the dietary requirements of a patient with exophthalmic 
goiter, therefore, it is necessary to add to the basal metabolism, 10 per 
cent for the specific dynamic action of food, and 74 per cent for 
movements while at “complete rest” in bed, or a total of 84 per cent 
This conclusion is in approximate agreement with the conclusions of 
Boothb} wdio suggests that at least 75 per cent be added to the basal 
metabolism to meet the dietary requirements in this disease 

It IS interesting to note the huge quantity of food wdneh these patients 
are able to consume and apparently utilize From April 5 to May 31, 
a period of fifty-six days, the paitent’s average daily caloric intake 
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was 5,254 The lowest average daily caloric intake during any one 
week of this time was 4,777, while the highest was 5,723 During this 
period the paitent’s body weight increased from 44 8 kg to 56 5 kg , 
a gam of 11 7 kg The ingestion of such a large amount of food by 
a woman varying in weight from 44 8 kg to 56 5 kg and resting in 
bed, seems all the more remarkable when compared to the calories 
necessary for a man of 70 kg who is doing hard work, which Voit 
estimates at 3,574 per twenty-four hours, Rubner at 3,362 per twenty- 
four hours and Atwater at 4,150 for a similar period 

IMMEDIATE AND SUBSEQUENT EFFECTS OF AN ACUTE TONSILLITIS 

After the patient had remained in the hospital eleven days, at which 
time the metabolic rate had fallen to 49 per cent above the average 
normal, an acute attack of tonsillitis developed which manifested itself 
by fever as high as 103 F , and reddened, swollen tonsils which were 
covered by a moderate amount of exudate The patient’s temperature 
was elevated from 8 p m on March 12 until midnight on March 17, 
a period of approximately five days The highest temperature during 
this time was 103 F , and the lowest was 99 8 F , while the average 
was approximately 101 degrees 

The observations on the temperature, metabolism, pulse rate, food 
intake, and loss of weight during this illness are of interest from two 
standpoints ( 1 ) the immediate eflFect of an acute infection on a patient 
with exophthalmic goiter, and (2) the influence of the acute infection 
on the subsequent course of the thyroid disturbance 

Immediate Effect of an Acute Infection — It has been observed by 
DuBois and his co-workers that with an increase m body temperature, 
the basal metabolism rises, in a definite relationship to the temperature 
If the temperature remains elevated and the food intake is not increased 
a proportionate amount, the patient will of course consume his own 
tissues and lose m body weight This applies also to a patient with 
exophthalmic goiter, but in this disease the situation is more of a strain 
on the heat regulating and nutritive systems of the body as the increase 
m metabolism, which results from fever, is an increment which must be 
added to an already elevated metabolism due to the preexisting exoph- 
thalmic goiter In the patient under observation, the heat production 
increased sharply from 49 per cent to 104 per cent above normal, as 
the fever rose from normal to 102 2 F (by mouth) Thereafter for 
a pariod of five days the metabolism remained elevated, but maintained 
a definite relationship to the degree of fever, as shown in Table 4 

11 Lusk, Graham The Science of Nutrition, Ed 3, Philadelphia, W B 
Saunders Company, 1921, p 350 

12 DuBois, Eugene F The Basal Metabolism in Fever, J A M A 77 
352 (July 30) 1921 
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With the marked rise in the metabolism associated with the fever, 
the patient’s appetite failed , hence there was a diminution m the caloric 
intake From the patient’s admission until the onset of the acute 
tonsillitis (eleven da 3 s), the patient’s average daily food consumption 
had been approximateh 2,500 calories, and despite this her weight had 
decreased from 52 6 kg to 49 0 kg , a loss of 3 6 kg During the five 
da\s in which the patient had fever, hei food intake diminished to an 
a\erage of 1,199 calories daily The patient, therefore, had the 
undesirable combination of an increased energy expenditure associated 
uith a decreased food intake The result was a decrease in body 
V eight from 49 kg to 46 4 kg (2 61) in five da}'S This weight loss, 
uhen added to the amount the patient had lost during the eleven days 
piCMOus to the onset of the acute tonsillitis, amounted to 7 2 kg 
(approximateh 16 pounds) in sixteen da}S This illustrates one strik- 


T\Rir 4 — Ri lattaii^lnp Between the Body Tcmpei atut c and the 

Basal Metabolism 



D i\ of ’Month 

1 ’Icinptrnturc (bj Mouth) 

' TnKon lit the 'lime of 
the Met ibohsin 
j Dctorininntion 

Bus il Metnbol sm 
per Cent Abo\o 
■\\ongc 
Xoniii 1 

M ircli 12 


1 OSO 

49 

n 


10-2 2 

104 

u 


10-2 0 

91 

1*. 


101 4 

90 

i(. 


100') 

75 

17 


99 4 

C3 

IS 


DS b 

3S 


ing and immediate efiect of an acute infection m a patient with 
exoiihthalmic goiter Fuithermore, an additional strain is thrown on 
the heat regulatory apparatus of the body, which is obliged to deal 
Nvith the elimination of a large excess of heat owing to a combination 
of the increased heat production as a result of the exophthalmic goiter 
and that due to the fever This patient during the febrile period 
seemed \ery drowsy, suffered greatly from a feeling of w^armth and 
appeared “toxic ’ 

IM'LUCNCES or Tlin ACUTC TONSILLITIS ON THE SUBSEQUENT 
COURSE Cr THE TH\ROID DISTURBANCE 

Recently Squire has reported tw'O cases of exophthalmic goiter, in 
w'hich both patients manifested great improvement subsequent to attacks 
of acute tonsillitis The most striking change was the remarkable 
increase m w'eight, one of the patients gaming 56 pounds (25 4 kg ) and 

13 Squire, Theodore S Improvement m Gravcb’ Disease Subsequent to 
Severe Focal Infection, Am J M Sc 160 358, 1920 
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the other 115 pounds (52 16 kg ) in approximately six months It was 
thought by this observer that probably the improvement resulted either 
from invasion of the thyroid gland by infection with subsequent loss 
of secretory tissue or as a result of glandular exhaustion 



Chart 3 — The effect of an acute tonsillitis with fever on the daily basal 
metabolism, resting pulse rate and body weight The patient developed fever 
on the thirteenth of the month, which persisted until the seventeenth The 
increase in the metabolism was approximately proportional to the degree of 
fever The changes in the resting pulse corresponded to the variations in the 
basal metabolism The decrease in body weight resulted from an increase in 
the metabolism and a diminished food intake 

An excellent opportunity -was afforded to observe the subsequent 
results of an acute tonsillitis in the patient who was studied in this 
instance, as she was under obseivation for a period of 185 consecutive 
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normal, while the pulse maintained a constant level of approximately 
80 per minute After the patient had been afebrile for four days, there 
was a great improvement in her appetite and from between 5,000 and 
^,000 calories of food were consumed daily As a result of this increased 
food consumption there was a gam in body weight of 16 3 kg in 121 
days The upward course of the weight curve began thirteen days 
after the period of fever and continued steadily until the peak was 
reached, 121 days later For twenty-seven days following the febrile 
period the patient did not receive any treatment other than rest in bed 
and a high caloric diet At the end of that time, however, the initial 
roentgen-ray treatment was given, and this was followed at intervals 
of'approximately three weeks by three more, making in all four treat- 
ments In summary, therefore, it might be said, that following the 



Chart 5 — The effect of ligation of two thyroid arteries on the basal metabo- 
lism, pulse rate and bodj weight The metabolism is expressed in percentage 
of normal, the pulse m beats per minute and the bodj weight without clothing 
m kilograms L,^ indicates ligation of a thvroid artery, M, days during which 
the patient was menstruating , the figure at the top of the chart indicates the 
number of days the patient had been in the hospital , E, the day on which the 
patient was completelj anesthetized but not operated on on account of the 
unfavorable reaction follo%\ing the administration of the ether 

attack of acute tonsillitis the only change in the patient’s condition was 
a gam of 16 3 kg m body weight in 121 days, while the pulse rate and 
metabolism remained unchanged It seems unlikely'^ that the enormous 
appetite, which caused the patient to consume such an excess of food, 
can be attributed to the influence of the acute infection on the thyroid 
gland Furthermore, it seems logical to assume that a gam m body 
weight such as this, if it was due either to exhaustion of the thyroid 
gland or to actual destruction of a portion of its secretory tissue, 
would be accompanied by a reduction m the basal metabolism and pulse 
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rate, which in this case did not occur Concerning this patient, therefore, 
it must be concluded that there is no clear evidence which indicates 
that the attack of acute tonsillitis exerted any influence on the subse- 
quent course of the disease 

THE EFEECT OF ROENTGEN-RA\ THERAPY 

The influence of i oentgen-ray treatment has been tried on a relatively 
small group of jiatients with exophthalmic goiter at this hospital, and 
the conclusions legarding the efficacy of this mode of treatment are not 
as }et permanent A certain proportion of patients have made a satis- 
factori recoier} following the use of this therapeutic agent Even the 
most enthusiastic adiocates of its use agree, however, that in some 
instances the patient fails to lespond to this therapy even after pro- 
longed and intensive use Why some will and others will not improve 
follow ing Its use. has not been decided The patient under observation 
apparent!} belonged to the group that does not respond, as four 

T \ni 1 5 — Tin Effect of Font Rocnigen-Ray Ticatmcnts on the 

Ba<:al Metabohsin 
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roentgen-rai tieatments at inter\als of about three w^eeks had no 
apparent aflect on the course of the disease The fiist treatment was 
gnen aftci the patient had been resting in bed in the hospital for forty- 
fi\e da}s For the tw'cnl} -three days pievious to the initial roentgen- 
ra} ticatment the a\erage basal metabolism had been -j- 46 per cent, 
wdiilc the maximum and minimum determination w^ere -[- 39 per cent 
and -b 52 per cent When the daily metabolism results were charted, 
it w’as eMdent that the metabolic rate foi these twenty-thiee days had 
struck a level, as there w^as no upw^ard or downward tendency of the 
cur\e The roentgen-ray treatments were given over an interval of 
fifty-nine days, during which time the average metabolism was -|- 45, 
and the icstmg pulse rate showed no change of level An additional 
period of foity-four days w^as allowed, following the fourth roentgen- 
ray ex]iosure, to obser\e the efifect of the treatment The patient was 
inclined to think that she w^as “stronger” and w^as optimistic about her 
condition The results of the metabolism determination and gam in 
body weight are shown in Table 5 
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The interval including periods 2 and 3, a total of 103 days, was 
thought sufficient to observe the effect of roentgen-ray therapy As 
shown by the table, there was no marked change in the average metabolic 
rate for the periods as 5 per cent is considered a permissible error, and 
the difference between the daily average in period 1 and period 2 is 5 8, 
a decrease which cannot be regarded as significant The only evidence 
of improvement in the patients condition is the substantial gam of 12 3 
kg in body weight This, however, cannot be used as convincing evi- 
dence of the action of the roentgen rays on the thyroid gland, as one 
would expect a gam in body w^eight due to this influence to be associated 
with a decreased metabolism 

THE EEFECT OE SURGICAL PROCEDURES 

After the patient had been m the hospital for 148 days and her 
condition had remained stationary over a long interval despite rest, 
forced feeding and four roentgen-ray treatments, surgery was used as 
a therapeutic measure On July 27 , the one hundred and forty-eighth 
day of observation, the left superior thyroid artery was ligated under 
local anesthesia by Dr John Homans of the surgical staff of this 
hospital, and four days later the same procedure was carried out on 
the right side Four days after the second ligation the metabolism fell 
to -{- 27 per cent , which was the first time in 157 days of observation 
that It had been so low The average metabolism for the ten days 
immediately following the ligation was -{- 27, and the minimum was 
6 per cent below this Following this transient drop, however, it again 
resumed its former preoperative level between -)- 30 and -{- 40 per cent 
above normal Hence the improvement which followed the two liga- 
tions, as indicated by the decreased basal metabolism, was transient and 
slight Sixteen days after the second ligation an attempt was made to 
perform a lobectomy, but the administration of the anesthetic was 
accompanied by such an alarming increase in the patient’s pulse rate 
that the attempt was abandoned for that day It is interesting to note 
that the patient’s metabolism on the day following the complete anes- 
thetization was + 45 per cent , a rise of only 9 per cent above the 
basal metabolism on the day previous to administration of the anesthetic 

Six days after the attempted lobectomy the patient was operated 
on under local anesthesia by Dr John Homans During the operation 
the patient’s condition again became precarious, and it was only possible 
to remove approximately one half of the thyroid gland as further 
surgical procedure at this time was not considered justifiable About 
two hours after the operation the patient’s condition had improved con- 
siderably, and it was possible to collect the expired air for a single 
period of six minutes The basal metabolism for this period was found 
to be -|- 79 per cent A seven-minute period the following day showed 
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the metabolism to be -f- 75 per cent For the following two days, the 
patient’s condition was so serious that it was not considered wise to 
attempt metabolism determinations On the fourth day after operation, 
the metabolism estimations were resumed, and from this time until the 
patient left the hospital, the average was as follows first week, 26 
per cent , remaining nine days of the patient’s stay in the hospital, 
-{- 32 per cent The first obvious drop following the lobectomy occurred 
on the fifth day after operation when the metabolism was found to be 
+ 21 per cent , while the lowest level of metabolism, which was 
+ 13 per cent , occurred on the thirteenth day following operation 
The metabolism remained at a compaiatively low level for seven days, 
then graduall}" rose to a level between + 25 and + 30 per cent and 



Chart 6 — The effect of removal of approxunatelv one half of the thyroid 
gland on the basal metabolism, resting pulse rate per minute and body weight 
I, the body weight on the day previous to the operation was used in estimating 
the surface area 2, the pulse rate at the wrist was 82 per minute while that at 
the apev of the heart, while not counted, was much higher The pulse deficit 
^\as due to many cvtrasj stoles 3, about one half of the thyroid gland was 
removed under local anesthesia Approximately one hour after the conclusion 
of the operation the patient’s expired air was collected for one six-minute 
period 4, the patient was too ill to make metabolism determinations on the 
second and third postoperative days 5, determination lost on account of 
technical error 6, the last three determinations on the chart were made after 
the patient had returned home and was resting about half of the time in bed 
She came to the hospital at weekly intervals for observation 

remained at this point during the remainder of her stay m the hospital 
The patient was discharged from the hospital on September 19, the 
two hundred and second day of observation, and the twenty-eighth 
after operation 
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After leaving the hospital the patient remained at home resting in 
bed about half of each day Weekly observations were made on her 
metabolism between September 19 and November 10 During this 
interval, her pulse rate and metabolism reached a level varying between 
90 and 102 per minute for the former and between 38 per cent and 

47 per cent for the latter There was a gam in weight of 3 7 kg 
during this period As the patient’s condition was not improving, it 
was decided that a second operation was necessary to remove more of 
the thyroid gland On November 13, Dr David Cheever of the surgical 
staff performed this operation using local anesthesia The patient made 
an uneventful recovery and on the sixth post-opei ative day her metabo- 
lism was found to be -}- 14 per cent and her pulse rate 66 per minute 
It seems assured that her condition will continue to remain satisfactory 

EFFECT or MENSTRUATION ON THE BASAL METABOLISM 

Little IS known concerning the effect of menstruation on the basal 
metabolism in normal women, or in women with exophthalmic goiter 
Snell, Ford and Roundtree refer to this subject and state that it 
may be of some practical clinical importance These investigators 
studied the basal metabolism during the menstrual periods of ten nor- 
mal women and drew the following conclusions concerning them Two 
showed practically constant rises, while six showed constant rises, vary- 
ing from 4 per cent to 14 per cent , the average being 10 per cent , 
while in two a drop in rate was encountered The rise, when it occurs, 
IS in the menstrual or premenstrual period and is followed by a post- 
menstrual fall Values outside of normal limits (10 per cent above or 
below the average normal) were infrequent 

The patient who was obser\ed during this study passed through 
seven menstrual cycles Each period varied from fi^e to six days, and 
was not accompanied by pain or other subjective sensations Chart 7 
indicates the metabolic rate during six periods The metabolism during 
the seventh menstrual period was influenced by lobectomy, so no definite 
conclusion could be deduced The first menstrual period occurred in 
the initial two weeks of the patient’s stay in the hospital, and it was 
during this inter\al that the greatest fluctuations were present in the 
metabolism It is, therefore, exceedingl)' difficult to estimate the influ- 
ences of any factor on the metabolism at this time The second and 
third menstrual periods showed a curious agreement in their fluctuations 
If the rise which occurred on the first day of these periods is due to 
the appearance of the menstrual function, it is a small increase, as it 
amounts to onl}^ 5 per cent , which is just the limit of error The fall 

14 Snell, A M , Ford, Francis, and Roundtree, L G Studies in Basal 
Metabolism, J A M A 75 515 (Aug 21) 1920 
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on the second day of the menstrual period in these curves is of greater 
extent as it amounts to appi oximately 10 per cent Curves 4 and 5 
of the fouith and fifth menstrual periods do not confirm the changes 
obseived m curves 2 and 3 Cuive 6 cannot be used as on the initial 
day of the menstrual function the right superior thyroid artery was 



Chart 7 — Ihc effect of the menstrual cycle on the daily basal metabolism 
The metabolism is charted for each day for an interval varying from seven 
to nine dajs during the six menstrual periods which the patient passed through 
wiiile under observation Each space m a perpendicular direction represents a 
change of 5 per cent in the metabolism M, represents days when patient was 
menstruating, O, ligation of the right superior thyroid artery The first cycle 
occurred shortly after the patient was admitted, when her condition was very 
unstable The sixth was influenced by ligation of the right superior thyroid 
artery From the foregoing observations it was concluded that menstruation 
Ind no effect on the basal metabolism 
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ligated, which in itself is sufficient to account for the rise in metabolism 
on that particular day and for the subsequent fluctuations From the 
observations on this patient, therefore, it must be concluded that the 
metabolic rate was slightly, if at all, influenced by the menstrual 
function 

CONCLUSIONS 

A patient with exophthalmic goiter was observed while at rest in 
bed in the hospital from March 1, 1922, to September 19, 1922, an 
interval of approximately six and a half months During this time the 
basal metabolism, resting pulse, food intake and body weight were 
determined practically every day The following conclusions have been 
drawn from this study 

1 The basal metabolism may be determined within a limit of 5 per 
cent error, and in a great majority of instances this error may not 
exceed 3 per cent 

2 The initial metabolism of a patient with exophthalmic goiter 
may be much higher than the subsequent metabolism, and even after 
a rest in bed of ten days the fluctuation in the metabolism from one 
day to the next may be as great as 23 per cent 

3 After a rest of several weeks m bed there was a tendency for the 
basal metabolism in this particular patient to be come stabilized, and 
for a period of several months the variation on consecutive days rarely 
exceeded 5 per cent 

4 The body weight of a patient with exophthalmic goiter may 
remain stationary, increase or decrease, irrespective of the level of the 
basal metabolism, dependent on the amount of food consumed Most 
frequently the appetite of such a patient is good or abnormally increased , 
despite this, the body weight decreases 

5 The number of calories adequate to maintain a patient with 
exophthalmic goiter in caloric balance, when resting in bed, may be 
estimated as approximately an 85 per cent increase over the number 
of calories which represent the patient’s basal metabolism for twenty- 
four hours 

6 Acute infections, such as an acute tonsillitis with fever, may 
exert a serious influence on a patient with exophthalmic goiter, owing 
to the great excess of heat produced and the large amount of weight 
which IS lost as a consequence of a high basal metabolism and a small 
food intake In this particular patient no beneficial effect as a result 
of the acute tonsillitis was observed in the subsequent course of the 
thyroid gland disorder 

7 The menstrual periods did not exert an appreciable effect on the 
basal metabolism m this patient 
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8 Four roentgen-ray treatments over the thyroid gland at intervals 
of three weeks had no effect on the course of the disease 

9 Ligation of two thyroid arteries was followed by a transient 
drop in the daily basal metabolism, and removal of approximately half 
of the gland had a similar effect 



THE EFFECT OF ALKALIS ON GASTRIC SECRETION 
AND MOTILITY AS MEASURED BY FRAC- 
TIONAL GASTRIC ANALYSIS 

BRUCE C LOCKWOOD, MD, and HAZEN G CHAMBERLIN, MD 

DETROIT 

The object of this work was to determine by fractional analysis, 
in a sufficiently large number of persons, two points (1) whether or 
not alkalis m addition to their immediate neutralizing effect also pro- 
duce a secondary rise of acidity greater than that which occurs in a 
person without their administration, (2) what effect alkalis have on 
gastric motility 

Without extensively quoting the early literature on the subject, it 
IS sufficient to state that there has always been a difference of opinion 
as to whether alkalis act as a stimulant or depressant to gastric secretion 
The defenders of the alkaline Spa treatments held that while at times 
an alkali might act as a stimulant shortly after taking, the prolonged 
administration caused a gastric catarrh with associated decreased secre- 
tion Those who believed that alkalis acted only as a depressor of 
gastric secretion were supported by Pawlow’s observation ^ that on 
a dog, soda produced a diminution of all the alimentary secretions 

On the other hand, many early French and German investigators, 
especiall} the clinicians, held that alkalis in any dosage acted only as 
a stimulant 

The more recent textbooks and articles dealing with this subject 
reflect the different views, although we could find no one investigation 
in which accurate methods were used on a sufficiently large number of 
subjects to draw definite conclusions 

Cushny - states that it has been demonstrated experimentally on 
dogs that alkaline carbonates do not influence tbe gastric secretion any 
more than free water Gross and Held ® say that alkalis before or with 
meals increase acidity Hemmeter ^ does not believe that alkalis increase 
secietion, but that if they are taken before meals, they may act as a 
temporary irritant, just as saline m the nose would excite a mucous 
flow Bassler ® thinks that alkalis do not stimulate secretion and may 
be kept up for long periods of time without harm 

1 Pawlow The Work of the Digestive Glands, Philadelphia, J B Lippm- 
cott Co , 1910 

2 Cushny, A R Pharmacology and Therapeutics, Philadelphia, Lea & 
Febiger, 1915 

3 Gross, H , and Held, I W Therapeutics of the Gastro-Intestinal 
Tract, New York, Rebman Co, 1913 

4 Hemmeter Diseases of the Stomach, Philadelphia, P Blakiston’s Son 
& Co , 1917 

5 Bassler, A Diseases of the Stomach and Upper Alimentary Tract, 
Philadelphia, F A Davis Co , 1917 
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Crohn,® with the fractional method, investigated the action of differ- 
ent doses of bismuth subnitrate, magnesium oxid, and sodium bicarbo- 
nate, given at different times m relation to the test meal His 
conclusions, however, are based on only one or two observations with 
any one method of administration and should be accepted with reserve 
in Mew of the variations which one sees in the response of the stomach 
at different times He states that the administration of either soda 
01 magnesia is followed by an irritative reaction m which the acid 
mounts quickly to at least the level of the control test at the correspond- 
ing time, and in most cases exceeds it 

Fowler, Spencer, Rehfuss and Hawk " state that the stomach tends 
to bring its contents to a normal acid level, regardless of the reaction 
of ingested substances, that is, it lowers acidity when strong acids are 
introduced, and raises acidity when alkalis are given 

Regarding the effect of alkalis on motility, the literature is scanty 
Ladd,® experimenting on a series of children, found that bismuth and 
other alkalis hastened the emptying time of the stomach Spencer, 
jMe}er, Rehfuss and Hawk® found that 5 per cent soda solution was 
held in the stomach until reduced, and that a 1 per cent solution hastens 
the empt} mg time Carlson reports that 1 per cent sodium carbonate 
solution inhibits gastric contractions for a short time, as water does, 
and is due to the bulk of the solution 

METHOD OF PROCEDURE 

The method employed in the following experiments is identical 
with that used in previous work, reports of which have been pub- 
h'^hed The subject on a morning fasting stomach swallowed the 
small fractional tube, and the fasting contents were aspirated An 
Euald meal was then given with the tube left m place and from 5 to 
10 c c were aspirated ever> fifteen or twenty minutes 

When the return was free from bread, this point was taken as the 
evacuation time The free and total acidity was determined by the 
Toepfer method All patients had been previously tube broken The 

6 Crohn, B B Effect of Antacid Medication on Gastric Secretion and 
Acidit}, Am J M Sc 155 801, 1918 

7 Fowler, C C , Spencer, W H , Rehfuss, M E , and Hawk, P B 
Gastric Analysis IV The Gastric Equilibrium Zone, J A M A 77 2118 
(Dec 31) 1921 

8 Ladd Influence of Alkalies on Gastric Motility, Boston M & S J 
170 518, 1914 

9 Spencer, W H , Meyer, G P , Rehfuss, M E , and Hawk, P B Am J 
Physiol 39 459, 1916 

10 Carlson, A J Control of Hunger in Health and Disease, Chicago, 
University of Chicago Press, 1916 

11 Lockwood, B C, and Chamberlin, H G The Effect of Olive Oil on 
Gastric Function as Measured by Fractional Analysis, Arch Int Med 31 96 
(Jan ) 1923 
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normal curve, and the curve after the administration of alkali were all 
taken within a few days of each other and an effort made to keep the 
subject on the same general routine, diet and water intake In securing 
the test curves, the alkali was given in the water of the test meal 

RESULTS 

Sodmm Btcai honates — The effect of administration of 4 gm doses 
of this drug, given with the test meal, was observed on eight carefully 
controlled cases The average free hydrochloric acid was higher than 
the control in only one case, while the general average for the series 
was reduced from 406 degrees in the controls to 31 7 degrees after the 
soda The average total acidity A\ras higher than the control in two 
cases, while the average for the series was reduced from 548 degrees 
to 44 1 degrees after the soda The free hydrochloric aad rose to a 


Table 1 — Results of Adimmstration of 4 gm of Sodmm Bicarbonate 
With the Ewald Meal m Eight Cases 


Case 

Average 
Free Acid 

Average 
Total Acid 

Maximal 
Free Acid 

Maximal 
Total Acid 

Evacuation 

Time 

Bile 

Con- 

After 

Con- 

After 





Con- 


Con- 



trol 

Cun'e 

Alkali 

trol 

Oune 

Alkali 





trol 

Test 

trol 

Test 

G S 

36 

C02 

541 

72 0 

60 

08 

60 

104 

80 

120 


+ 

F M 

22 

18 7 

204 

27 

40 

42 

50 

CO 

100 

100 


0 

A D 

40 

161 

52 

223 

61 

23 

66 

32 

120 

120 


0 

J M 

37 

35 5 

542 

512 

66 

60 

72 

60 

lOO 

120 


0 

P G 

37 2 

371 

42 

47 2 

63 

60 

70 

76 

120 

80 


0 

H G 

512 

378 

67 7 

32 8 

60 

73 

78 

68 

105 

75 


0 

A G 

437 

17 7 

65 

227 

72 

40 

93 

46 

135 

75 


0 

A S 

5S2 

306 

74 

47 2 

78 

55 

07 

73 

135 

135 

0 

0 

Average 

40 6 

317 

54 8 

441 





112 

103 




higher point on the curve after the administration of soda than in the 
control in four, or one-half, of the total eight cases The total aadity 
attained a higher point in five cases 

The average evacuation time in the controls was 1 12 minutes, while 
after soda, it was 103 minutes, only a slight reduction Bile regurgita- 
tion was observed in one control curve and in one curve after the 
administration of soda Table 1 shows these results in convenient 
form 

In Chart 1 are plotted five total acidity curves on the same patient 
(H G — duodenal ulcer) All these observations were made within 
two weeks The two control curves (dotted) run practically the same 
Two curves are shown in which 4 gm of sodium bicarbonate were 
given with the test meal One remained low while the other rose within 
forty-five minutes to about the same maximal height as the control 
curves One curve (No 3) shows a case in which 4 gm of soda were 
given thirty minutes after the meal The acid promptly dropped, but 
within another thirty minutes had risen to about the same level as in the 
controls, to fall slowly again as digestion proceeded 
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Calcnim Cmbonate — In this series of six cases, 4 gm of the drug 
were given with the meal and comparison made with the control curves 
The average free hydrochloric acid was lower after the alkali in all 
observations, and for the series was reduced from an average of 32 1 
degrees in the control curves to 1 1 9 degrees after the calcium carbonate 
The average total acidity was higher after the drug in two cases, but 
tlie average for the senes was reduced from 54 8 degrees in the controls 
to 44 1 degrees after the calcium carbonate The free hydrochloric 
acid attained a higher point in two cases, and the total acidity in three 
cases, after the medication than m the six corresponding control curves 
The average evacuation time was almost the same, 100 minutes for 
the controls and 103 minutes for the calcium carbonate Bile was seen 



Chart 1 —Acidity curves m subject H G Cl indicates the control curve 
on Januar} 21, C2, the control curve on January 30, 1, the curve after 4 gm 
of sodium bicarbonate were given with the Ewald test meal on January 24, 2, 
the cur\c on January 30 after the same test, 3, one-half hour after ingestion 
of the Ewald test meal The star in this and the following charts indicates 
that bread was absent 

in one curve after medication and in none of the controls Table 2 
shows these results 

Magnesium Oxid — With this alkali the effects were observed m 
five cases Two grams were given with the meal 

The average free hydrochloric acid was lower in all cases, and the 
average for the senes was reduced from 35 3 degrees in the controls to 
15 5 degrees after the administration of the magnesia 

The average total acidity was also lower in every observation and 
for the series was reduced from 50 5 to 20 2 degrees 

The free hydrochloric acid and also the total acidity rose to a higher 
point after this alkali in only one of the five cases The average 
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evacuation time was exactly the same, 104 minutes m both the control 
and test observations Bile was observed once in the test curves and 
not at all in the control cur\es In Table 3 these results are tabulated 


Table 2 — Results of Administration of 4 gm of Calcium Carbonate 
With the Ezvald Meal vi Six Cases 


Case 

Average 
Free Acid 

Average 
Total Acid 

Maximal 
Free Acid 

Maximal 
Total Acid 

Evacuation 

Time 

Bile 














Con 

Alter 

Con 

1 After 


After 





Con 



trol 

Alkali 

trol 


trol 

Alkali 





trol 

Test 


Curve 


Curve 


Curve 








G S 

36 

13 1 

54 1 

93 

60 

8 

SO 

18 

SO 

100 

0 

+- 

A D 



52 

27 2 

51 

76 

66 

82 

120 

120 

0 

0 

P G 

37 2 

34 3 

12 


63 

78 

70 

S6 

120 

lOO 

0 

0 

M M K 

42 6 

94 

62 3 

18 4 

67 

32 


43 

60 

100 

0 

0 

S W 

Acli’Iia 


2 5 

1 49 

0 

0 

■9 

10 

100 

lOO 


0 

B M 

37 

0 1 

54 2 

t 18 6 

50 

25 

72 

42 

lOO 

100 

0 

0 

A.'xerage 

! 321 ' 

1 

11 9 

14 5 

,198 

1 

1 


1 

100 

103 




Table 3 — Results of Administration of 2 gm of Magnesium Oxid zeith 
the Ezvald Meal tn Five Cases 


Case 

Average 
Free Acid 

Average 
Total Acid 

Maximal 
Free Acid 

Maximal 
Total Acid 

Ev acmtion 
Time 

Bile 

Con- 

After 

Con 

After 





Con 


Con 



trol 

Curve 

Alkali 

trol 

Curve 

Alkali 





trol 

Test 

trol 

Test 

A L 

26 4 

21 6 

504 

334 

35 

58 

51 

88 

100 

120 

0 

0 

P G 

37 2 

60 

42 

17 7 

63 

24 

70 

54 

120 

SO 

0 

+= 

J M 

37 

10 8 

54 2 

22 0 

56 

36 

72 

48 

lOO 

100 

0 

0 

A D 

40 

15 6 

52 

20 5 

51 

60 

06 

66 

120 

120 

0 

0 

G S 

36 

234 

54 1 

27 4 

60 

50 

SO 

57 

so 

ICO 

0 

0 

Average 

353 

15 5 

505 

20 2 






104 

0 

0 


Table 4 — Results of Administiation of 4 gm of Bismuth Subnitiate 
zvith the Ezvald Meal in Seven Cases 


Case 

Average 
Free Acid 

Average 
Total Acid 

Xlaximal 
Free Acid 

Maximal 
'total Acid 

Fv ncuation 
lime 

Bile 

Con 

After 

Con 

After 

Con- 

After 

Con 

After 

Con 


Con 



trol 

Alkali 

trol 

Alkali 

trol 

Alkali 

trol 

Alkali 

trol 

Test 

trol 

Test 


Curve 


Curv e 


Curve 


Curv 0 



1 



G S 

36 

63 8 

54 1 

70 5 

60 

84 i 

SO 

88 

SO 

SO 

0 

0 

J M 

37 

29 9 

42 

394 

63 

40 

70 

■■o 

120 

so 

0 

0 

A n 

40 

231 

52 

36 7 

51 

30 

66 

43 

l‘>0 

lOO 

0 

0 

A L 

26 4 

16 

504 

26 0 

35 

30 

54 

44 

100 

120 

0 

0 

M K 

42.6 

39 

62 3 

506 

07 

56 

77 

70 

SO 

100 

0 

0 

H G 

51 2 

73 5 

67 7 

909 

60 

90 

78 

97 

105 

135 

-i-* 

0 

P G 

37 2 

26 

42 2 

381 

63 

34 


45 

120 

100 

0 

0 

Av'erage 

386 

38 7 

52 9 

504 



1 1 
1 


103 





Bismuth Subnitrate — The effect of this drug was studied in seven 
cases A dose of 4 gm was given with the, meal in each test 

The average free hydrochloric acid, total acidity and evacuation time 
were practically the same before as after its administration The free 
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Chart 2 — Effect of four alkalis on subject G S In this and the following 
charts, C indicates the control curve after the ingestion of the Ewald test meal , 
1, the cur\e after the ingestion of 4 gm, of soda with the test meal, 2, after 
the ingestion of 2 gm of magnesium oxid with the test meal, 2, after the 
ingestion of 4 gm of calcium carbonate with the test meal, 4, after the ingestion 
of 4 gm of bismuth subnitrate with the meal 



Qiart 3 — Effect of four alkalis on subiect A D 
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and total acidity both rose to a higher point in only two of the test 
curves Bile was seen in one of the control curves and in none of the 
test curves These lesults are shown in Table 4 

The effect of four alkalis on the curve of the same person are shown 
for four different subjects Charts 2, 3, 4 and 5 each show a control 
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Chart 4 — Effect of four alkalis on subject J M 



curve of total acidity (dotted) on four different persons assumed to he 
free from gastro-intestinal disease With each control are also shown 
curves obtained after the administration of the four different alkalis 
studied These curves are self explanatory They were all taken 
within one week 
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SUMMARY AND COMMENT 

Tlie effect on gastiic function of the administration of a standard 
dose of four different alkalis is studied They weie all given with 
the Ewald meal and compaiison made with control curves m twenty-six 
cases 

Neithei sodium bicaibonate, calcium carbonate, magnesium oxid or 
bismuth subnitrate seemed to affect the evacuation time of the stomach 
This does not support Cannon’s conception of the acid control of the 
pylons The phenomenon of bile i egurgitation was also unaffected 
The a^ eiage fiee and total acidity was lower after the administration 
of the alkali in all obseivations on calcium carbonate and magnesium 
oxid In less than one fouith of the sodium bicarbonate tests it was 
higher The aveiage acidity was unaffected by bismuth subnitrate 
Aftei sodium bicarbonate the acidity lose to a higher point than in 
the controls m about one half of the cases, after calcium carbonate, in 
one foui th , and after magnesium oxid, in one fifth of the cases After 
bismuth, the acidity attained a higher point in only two of seven cases 
As the neutralizing powei of soda is about one half that of calcium 
caibonate and one fouith that of magnesium oxid, it is apparent that 
the dose of soda which we used (4 gm ) was only one half as strong 
a iieutiahzer as was oui dose of calcium carbonate (4 gm ) and mag- 
nesium oxid (2 gm ) It IS possible that with a dose of soda equal in 
strength to the dose of calcium or magnesium the acid rebound would 
ha\e been less in evidence On the other hand, the liberation of car- 
bon dioxid when soda is given may act as a direct stimulant This 
point remains to be cleared up 

CONCLUSIONS 

Sodium bicarbonate in 4 gm doses, in addition to its immediate 
neutralizing effect, causes a rebound of acidity to a point higher than 
Yould normally have occurred in about one half the cases Calcium 
carbonate (4 gm ) and bismuth subnitrate (4 gm ) produce this effect 
in only one fourth, and magnesium oxid in only one fifth, of the cases, 
while the average acidity during the digestive phase following their 
administration is much lower in seven eighths of the cases 

The common allcalis in the foregoing dosage do not effect the 
evacuation time of the stomach for the Ewald meal 

12 Cannon, W B The Mechanical Factors of Digestion, New York, Long- 
mans, Greene & Co, 1911 



ACUTE LYMPHADENOSIS COMPARED WITH ACUTE 
LYMPHATIC LEUKEMIA 


HAL DOWNEY Pii D , and C A McKINLAY, MD 

MINNEAPOLIS 

PART I CLINICAL STUDY ^ 

C A McKinlay, M D 

Numerous reports are found in medical literature describing 
gioups of cases which, on account of clinical features and blood cell 
changes, have been thought to be similar to and often confused with 
acute leukemia Naegeh ^ mentions cases of sepsis with low total 
leukocyte counts and relative increase in the lymphocytes, and also acute 
febrile affections with high absolute lymphocyte counts with atypical 
forms It is pointed out that this lymphatic reaction is moie confusing 
where there is also an absolute l3mphocytosis with atypical lympho- 
cytes Further, with a clinical pictuie of fevei, prostration and enlarge- 
ment of lymph nodes and spleen, it may be impossible to differentiate 
these cases from leukemia until lecovery occurs Naegeh quotes Turk 
and otheis who report cases of angina and streptococcus sepsis with 
lymphatic reaction and recovery, besides cases of acute infection, such 
as pneumonia, scarlet fever, erysipelas, meningitis, typhus and malaria, 
in which the blood picture showed frequent myelocytes, endhroblasts 
and severe anemia Turk consideied that there was some relationship 
between infection Avitli lymphatic reaction and leukemia Herz - men- 
tions that in certain infections there are cases in which the blood pic- 
ture simulates a lymphatic leukemia, and only recovery makes the 
diagnosis clear Cabot ^ reports four cases of acute infection, including 
lymphangitis, furunculosis, sti eptococcus sore throat and cervical 
adenitis, all of which showed lymphocytosis and might be confused 
with leukemia His observations are apparently based more on the 
clinical than on the blood picture resemblance Sanders ^ reports a 
case with fatal Ludwig’s angina, l3UTiphocytosis and anemia 

*From Students’ Health Service and Department of Medicine, University 
of Minnesota 

1 Naegeh, O Blutkrankheiten und Blutdiagnostik, Berlin and Leipzig 
Vereinigung wiss Verleger, W de Gruyter &. Co , 1919 

2 Herz, A Die akute Leukamie, Leipzig, Franz Deuticke, 1911 

3 Cabot, R C The Lymphocytosis of Infection, Am J Aled Sc lol 
145, p 335 

4 Sanders, W E The Nature of the Lymphocytosis of Acute Infections, 
Jour Lab Clin Med i 344, 1919 
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Some English obsen^ers ^ and others, including Morse,® appar- 
ently considei cases with lymphatic reaction to be similar to glandular 
fever This disease was first described by Pfeiffer,^ who pointed out 
its epidemic nature, its occurrence in children, its characteristics of 
nontendei ceivical glandular enlargement, the absence of tonsillitis, the 
slight injection of the throat, abdominal pain and enlargement of the 
In er and spleen West ® reported an epidemic of nmety-six cases 
limited to children, a majority of whom showed no evidence of throat 
< infection Tid} and Morley ° have recently repoited cases and 
described the disease again They, with most other observers since 
Pfeifter, ha\e fiequently noted, in addition, the enlargement of the 
axillar} and inguinal glands but not the abdominal signs Occasionally 
infection has taken place m adults, with the same important clinical 
features Where a blood examination was made, lymphocytosis often 
V as present, v ith moderate increase in the total number of white blood 
cells Since few blood examinations have been reported, the chief 
features available to define tins group are clinical These features 
which all together present a distinct entity are epidemicity, chief inci- 
dence in children, absence of tonsillitis, general glandular enlargement 
and frequent enlargement of the liver and spleen Most observers 
consider the disease to be due to a specific unrecognized organism 

On the other hand, Sprunt and Evans,^® Bloedorn and Hough- 
ton,” and Cl OSS ” and others have reported cases, the mam clinical fea- 
tures of uhicli ha\e sepaiated them from the groups just mentioned 
The characteristics of these cases are the occurrence in young adults of 
infection of the upper respiratory tract with systemic reaction always 
present, but ne\er se^ere, besides the general glandular enlargement 
\\ itli frequent enlargement of the spleen The cases have all shown a 
l}mphocytosis and moderate increase m the total number of white 
blood cells, togethei wtih a blood picture which might be confused 
with acute leukemia In none have hemorrhages or severe anemia 
been reported 

5 Editorial Bnt M J 1 649, 1921 

6 Morse, P F Glandular Fever, T A M A 77 1403 (Oct 29) 1921 

7 Pfeiffer, E Drusenfieber Yahrb f Kinderh 29 257, 1889 

8 West Arch Pcdiat 13 889, 1896 

9 Tidy and Morley Glandular Fever, Brit M J 1 452 (March 26) 1921 

10 Sprunt, T P, and Evans, F A Mononuclear Leucocytosis in Reac- 
tion to Acute Infections, Johns Hop Hosp Bull 31 357, 1920 

11 Bloedorn W A, and Houghton, J E The Occurence of Abnormal 
Leukocytes in the blood m Acute Infections, Arch Int Med 27 315 (March) 
1921 

12 Cross, J G Conditions Simulating an Acute Leukemia (Acute 
Benign Leukemia), Minnesota Med, October, 1922, p 579 
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Since completion of this study, Longcope has reported a series of 
ten cases, several of which are similar to ours Only five patients had 
acute throat infection, and his Cases 1 and 2 showed no leukocytosis 
and only a very moderate increase in lymphoid cells The histology 
of an excised lymph node in Case 2 suggested Hodgkin’s disease and 
was unlike that m our Case 7, or that leported by Evans and Sprunt 
These variations may cast some doubt as to whether his Cases 1 and 2 
have sufficient clinical featnies to be giounds for inclusion m the group 
described by the last mentioned observers 

To such cases are added, m this paper, nine which were observed 
recently within a relatively short period of time Their frequency 
suggests a much more common occurrence of the disease than is recog- 
nized at present and arouses curiosity as to its etiology A better 
understanding of this type of case is desirable, not only that diagnosis 
and prognosis may be moie ceitain, but that evidence may be accumu- 
lated concerning its eitology and the possible relationship to leukemia 
While most of these cases, on account of their benign nature and short 
course, may be classified as a clinical entity and recognized without 
difficulty, occasional membeis of the group present not only clinical 
features but blood pictures that do not readily allow such disposal 
Whether or not the cause of this disease is a specific organism is a 
pioblem concerning which no proofs are available The usual assump- 
tion has been that such lymphatic reaction occurs with various types 
of infection that are usually associated with polymorphonuclear 
leukocytosis The variations that have occurred in the nature of acute 
infections, such as influenza and encephalitis, may have a bearing on 
the increased frequency of the type of case here reported Case his- 
tory 1 IS given in some detail Others have been abbreviated to include 
only important positive findings 

REPORT or CASES 

Case 1 — Histoiy — M J, a white man, aged 22, single, a student, entered 
the Students’ Health Service Hospital, March 1, 1921, complaining of sore 
throat, fatigue and headache He had had scarlet fever at the age of 9 years, 
he had also had measles, mumps and whooping cough during childhood While 
stationed with the army in Texas in 1916, the patient had had a period of diarrhea 
and chills He said that he had noticed slight loss of strength one month 
previous to entrance On February 28, the patient first appeared at the dis- 
pensary complaining of a sore throat The following day he returned with a 
temperature of 101 6 and was admitted to the ward, on the nose and throat 
service 

Phytcal Examination — On the date of admission the thioat was moderately 
injected and on both tonsils were scattered patches of grayish white exudate 
Cultures showed no predominating organism On March 6, medical consulta- 

13 Longcope, W T Infectious Mononucleosis (Glandular Fever), with 
a Report of Ten Cases, Am J Med Sc 164 781 (Dec ) 1922 
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tion was requested Examination showed a well developed and well nourished 
young man witliout marked prostration or anemia The throat showed marked 
injection, which involved the tonsils, fauces and postpharyngeal wall The 
tonsils showed a few small areas of exudate and ulceration These later 
became enlarged and presented quite marked ulcerative areas In the mucous 
membranes over the soft palate and anterior pillars, extending to the buccal 
mucosa, were several hemorrhagic areas These persisted throughout the 
period of observation The cervical lymph nodes were markedly enlarged and 
greater on the left, where they formed a mass from four to five cm in diameter 


Table 1 — Blood Ftndings m Case 1 
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Hemoglobin, per Cent 
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Polymorphonuclear Eosino- 
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Tablf 2 — Blood Findings in Case 2 


Date 

Red Blood Cells 

Hemoglobin, per Cent 

White Blood Cells 

Polymorphonuclears, per 

Cent 

Polymorphonuclear Eosino- 
phils, per Cent 

Polymorphonuclear baso 
phils, per Cent 

Small Lymphocytes, per 

Cent 

Large Lymphocytes, per 

Cent 

Transitionals, per Cent 

Large Mononuclears, per 
Cent 
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i 






The glands were discrete, of firm consistency and slightly tender The 
axillary, epitrochlear and inguinal glands were also definitely enlarged and 
slightly tender The thorax and heart were essentially negative The spleen 
was definitely palpable At this time the total leukocyte count (Table 1) was 
3,000 with 86 per cent of lymphocytes The total leukocyte count increased 
to 17,200 and the lymphocyte count stayed above 80 per cent The red cells 
dropped from 4,600,000 to 3,900,000 while the patient was under observation in 
the hospital The temperature was irregularly intermittent and reached a 
maximum of 103 F The pulse was not rapid and averaged between 70 and 80 






























86 


ARCHIVES OF INTERNAL MEDICINE 


Prostration was moderately severe The physical condition and fever of the 
patient showed no marked change up to March 13, when he was discharged 
At that time the diagnostic impression was acute lymphatic leukemia The 
patient, feeling perfectly well, again came under observation, Nov 3, 1921, at 
the request of the physician At that time the glands before enlarged had 
receded and were barely palpable The leukocyte count was 7,000, of which 
SO per cent were polymorphonuclear leukocytes Several examinations later, 
as shown in the blood chart, showed only slight increase in the relative number 
of lymphocytes Seventeen months later the blood count was normal, and only 
a few small cervical glands were palpable 

The blood findings are given in Table 1 The urine showed a trace of 
albumin The Wassermann reaction was negative and the Widal reaction 
atypical One blood culture showed no growth 

Case 2 — H E, a white man, aged 22, single, a student, came under obser- 
vation, Oct 31, 1921, complaining of sore throat and general aching pains The 


Table 3 — Blood Findings in Case 3 
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temperature was 99 6 F Physical examination showed moderate injection of 
the throat but no areas of exudate The cervical, the axillary, epitrochlear 
and inguinal lymph nodes were all moderately enlarged, nut not tender The 
spleen was not palpable There was slight tenderness in the right lower 
abdominal quadrant The symptoms cleared up within a few days 

Case 3 — Histoiy — C B, a white man, aged 21, single, a student, entered 
the Students’ Health Service Hospital, March 6, 1922, complaining of sore 
throat and pain m the back The onset of the present illness was noted on 
March 1, with sore throat and pain in the lumbar regions The patient also 
complained of general aching pains and abdominal discomfort 

Physical Evamination — This revealed that there was no marked prostration 
The tonsils were swollen and covered with patches of grayish-white exudate, 
which were confluent m some areas The cervical lymph glands were mod- 
erately enlarged, discrete and tender The axillary, epitrochlear and inguinal 
glands were likewise moderately enlarged and tender The spleen and liver 
were not palpable 
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Com sc of Disease — On !March 8, jaundice was noted, with slight tenderness 
along the right costal margin On March 11, there appeared a brownish 
ervthematous rash over the entire bodj, which suggested a toxic ongin On 
!March 13, se\eral small petechial hemorrhages were noted in the mucous mem- 
branes of the mouth Within a daj the rash o\er the whole surface of the body 
became hemorrhagic , within ten days it had largely disappeared The tem- 
perature, w'hich had been of an irregularlj'- intermittent type with a maximum 
height of 102 4 F , reached normal wnthin six days The pulse rate averaged 
around 80 

Laboraioi y Findings — The Wassermann reaction was negative On March 
15, 1922, the throat smear showed a few spinlli and fusiform bacilli No 
diphtheria bacilli were found The feces showed one test negative to guiac 
One blood culture showed no growth The patient was discharged on March 
22 The blood count still showed alteration three months later and the cer- 
Mcal glands were palpable 



Chart 1 — Pulse, temperature, total leukocyte count and percentage of 
Kmphoid cells m Case 3 The leukocyte count is seen to have returned to normal 
shortly after the fever had subsided, although there was persistence of abnor- 
mal percentage of IjTuphoid cells approximately three months later The term 
hmphoid cell is used to describe all forms of leukocjtes other than polj- 
morphonuclear tjpes 


Case 4— J W, a wdnte w'oman, aged 19, single, a student, entered the 
Students’ Health Service Hospital, April 7, 1922, complaining of slight sore 
throat and malaise The onset of the present illness w'as noted on April 5, 
w'lth nausea and vertigo The temperature w^as then normal The following 
day the patient complained of headache and had fever On the day of admis- 
sion, sore throat w-as noted There were a few scattered whitish patches of 
exudate on both tonsils, with slight peritonsillar injection The posterior cer- 
vical group of glands, both right and left w^ere moderately enlarged, discrete 
firm and not tender, the anterior cervical axillary and inguinal glands w^ere 
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palpable but not tender, the liver and spleen were not palpable The tem- 
perature reached a maximum of 103 2 F, and subsided on the eleventh day 
of illness One blood culture showed no growth The patient was discharged 
on April 17 

Table 4 — Blood Findings in Case 4 
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Chart 2 — Abnormal percentages of lymphoid cells in Case 4 approximately 
two months after recovery 


Case S — A P, a white man, aged 20, single, a student, was admitted to 
the Students’ Health Service Hospital, May 25, 1922, complaining of sore 
throat The duration of the present illness was one day The patient had 






















DOWNEY-McKINLAY— LYMPHADENOSIS 


89 


sore throat but no other symptoms except slight malaise Physical exam- 
ination revealed moderatelj hypertrophied tonsils There \vas a grayish white 
membrane over the right tonsil, and onlj"^ moderate peritonsillar injection The 
submaxillary glands were markedly enlarged, the left more than the right, and 
the other cervical glands, as well as the axillary and inguinal glands, were 
definitely enlarged The spleen and liver were not palpable The patient’s 
temperature reached 102 2 F , and pulse rate, 96 Recovery occurred at the 
end of one wmek Laboratory In a throat smear taken May 27, 1921, spinlli 
and fusiform bacilli were present, but they w'ere not found in abundance 
The patient was discharged on June 1 


Ta,ble 5 — Blood Findings in Case 5 
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Table 6 — Blood Findings in Case 6 
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Case 6 —V E , a white man, aged 20, single, a student, entered the Stu- 
dents’ Health Service Hospital on December 8, complaining of headache and 
malaise The present illness had its onset on Dec 7, with sore throat, head- 
ache, malaise and a temperature of 103 F Physical examination revealed 
that the throat was reddened but showed no exudate On December 11, a 
rash developed, most marked over the chest and abdomen, but present also 
on the arms, legs and hands It faded within one day and suggested a 
toxic origin Complete recovery occurred within a week The data are 
incomplete in this case but those obtained probably warrant its inclusion 
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Case 7 — H A W , a white man, aged 36, single, a student, entered the 
Students’ Health Service Hospital, Aug 15, 1922, complaining of malaise, 
headache and stiff neck The present illness began on Aug 9, 1922, with the 
foregoing symptoms A slight sore throat was also noted, which lasted only 
over night Up to the time of entrance, the symptoms had remained about 
the same Physical examination revealed palpable anterior and posterior cer- 
vical glands , those on the right side were larger, measuring 2 S cm The 
epitrochlear and inguinal glands were also palpable All the glands were dis- 
crete, firm, and not tender The fauces showed moderate diffuse injection 
There was no exudation The tonsils were adherent The edge of the spleen 
was palpable Table 7 contains the blood count A roentgenogram of the 
chest showed no enlarged hilus glands The urine showed a trace of albumin, 
no sugar and a negative sediment Two other specimens showed no albumin 


Table 7 — Blood Ftndtugs vi Case 7 
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Table 8 — Blood Findings in Case S 
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The Widal reaction in the blood was negative One blood culture showed no 
growth A cervical lymph gland was removed, a culture taken, and the gland 
then sectioned The culture showed no growth Microscopic examination 
showed simple hyperplasia of the type noted in nonsuppurative adenitis The 
maximum temperature of 101 F was noted on day of admission Patient 
had recovered two weeks after onset At that time the lymph nodes noted 
before were still palpable The patient was discharged on August 24 

Case 8 — E T, a man, aged 21, single, a student, came under observation on 
Sept 26, 1922, complaining of sore throat and malaise During the last two 
months the patient had had frequent sore throats During the previous week 
this symptom had been worse and had been accompanied by marked malaise 
and exhaustion Physical examination showed throat injection without ton- 
sillar exudate The interior and posterior cervical, axillary, epitrochlear and 
inguinal lymph glands were moderately enlarged, but not tender The spleen 
was palpable The temperature was 99 6 F The symptoms subsided within 
two weeks When the patient was seen one month later, the lymph nodes, 
but not the spleen, were still palpable 
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Case 9 C H , a white man, aged 19, single, a student, entered the Stu- 
dents' Health Service Hospital, Oct 30, 1922, complaining of sore throat and 
stiffness and swelling of neck The onset of the present illness occurred, 
Oct 19, with swelling of the right side of the neck Four days later the 


Table 9 — Blood Findings in Case 9 
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Chart 3— This shows that in Case 9 the maximum percentage of lymphoid 
cells was reached as the temperature became normal, also the comparatively 
rapid return of percentage of lymphoid cells to normal 

throat became slightly sore with stiffness of the neck On being examined on 
Oct 31, the patient showed no prostration Both tonsils showed ulcerated 
areas with only moderate surrounding injection or edema Anterior and 
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posterior cervical glands were enlarged, especially the group beneath the 
sternocleidomastoid muscle, which bulged distinctly in its upper third The 
glands were only slightly tender The surrounding tissues were not inflamed 
The axillary and inguinal glands were moderately enlarged, the epitrochlears 
slightly so The spleen was readily palpable Diagnostic impression from 
clinical findings was acute glandular infection with Ijmphocytosis Throat 
smears gave no predominating organisms One blood culture was negative 
The temperature reached a maximum of 101 8 F , and became normal four days 
after admission The throat cleared up during this period Total duration 
from the time of the first sjmptom to the date of normal temperature was 
fourteen days The patient was discharged on December 4 He was again 
seen Nov 9, 1922, when the glands were smaller and the spleen had definitely 
receded, although it was still palpable On December 20, the spleen was not 
palpable 

COMMENT 

The foregoing patients, eight males and one female, were all youn'g 
adults No predisposing factors were present In all the cases, there 
was systemic reaction, and the onset was associated with malaise, 
sore throat and fever In Case 9, swelling of the neck occurred four 
days before the throat became sore In two persons prostration was 
moderately severe, in the others the course of the disease was mild 
Sore throat was the chief complaint through the course of the disease 
In five cases, scattered patches of exudate were present on both ton- 
sils In Case 1, there were also definite ulcerated areas over the tonsils, 
marked edema and injection of the fauces, with hemorrhages in the 
buccal mucosae later, and in Cases 3, 5 and 9 also marked inflammatory 
reaction The patient in Case 3 de\ eloped a purpuric rash, the occur- 
rence of which is of interest in view of the hemorrhages in the mucous 
membrances and skin common in leukemia In all other cases, the 
throat showed only injection without exudation or ulceration The 
superficial lymph glands, especially the group in the superior triangle 
of the neck extending under the sternocleidomastoid muscle, were 
enlarged (from 2 to 3 cm ), the increase being symmetrical m the 
majority of cases, they were discrete, firm and occasionally slightly 
tender The axillary, epitrochlear and inguinal glands were likewise 
enlarged but rarely tender In Case 3, while the cervical glands did 
not show as much enlargement as is mentioned in the foregoing, those 
in the inguinal region were even greater m size The periglandular 
tissue did not show edema, and the marked tenderness sometimes 
present in acute cervical adenitis was also absent In all the patients 
under observation, the glandular enlargement was definite and above 
the limits seen in normal persons The spleen was palpable in four 
persons, the liver in none In one case a transient jaundice developed 
Blood cultures taken in five cases showed no growth 

The blood count in Case 1 showed the greatest variation, there 
being first a leukopenia with 3,(XX) white cells, followed by an increase 
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Within SIX days to 17,200 cells, 81 per cent of which were lympho- 
cytes As high as 92 per cent of lymphocytes were recorded , there- 
fore an absolute lymphocytosis was present In the other cases 
leukocytosis was always piesent, the maximum counts varying from 
10,700 to 26,200, m six cases 15,000 or above The total percentage 
of lymphocytes varied from 57 to 92 In all cases, the total leukocyte 
count approached normal as the defervescence occurred It is of 
mteiest that Cases 1 and 3, with comparatively greater systemic reac- 
tion, including the hemorrhages before described, still showed, eight 
and three months later, respectively, increased percentages of lympho- 
cytes , also that in Cases 1, 3, 4 and 7, with delay in return of lympho- 
C34e peicentages to normal, there was persistence of glandular 
enlargement, although lessened m degree On the other hand. Cases 
5, 6, 8 and 9, with a milder reaction, showed, from fourteen to thirty 
days after the onset of the illness, a return to approximately the nor- 
mal percentage of l)nnphocytes In Case 9, during a four-day peiiod 
of defer\ escence, there was a steady increase in percentage of lympho- 
cytes One week thereaftei, however, 54 per cent of polymorpho- 
nuclear leukocytes u as reached Anemia of any marked degree was 
not observed 

In another seiies of nine cases with acute throat infections, taken 
without selection, in which there was no general lymphadenosis and 
enlargement of the spleen, total leukocyte counts have varied from 
11,500 to 17,100, and the polymorphonuclear leukocytes from 74 5 to 
89 per cent Tins control series in a similar group of young adults 
has been included to show the dissimilarity between the characteristics 
of the group of cases here described and of acute tonsillitis and pharyn- 
gitis unassociated with the enlargement of lymph glands and spleen 

Although there was considerable variation in the clinical pictures 
presented, there were certain constant features in all the cases under 
observation which apparently define a clinical entity Early in the 
course of the disease, the tonsils or pharynx, in all cases, showed acute 
infection as evidenced by areas of exudate and ulceration or by injection 
alone This common and eaily presence of tonsillar and pharyngeal 
infection commands attention as the most likely portal of entry The 
cervical adenopathy was noted first and was most pronounced, as best 
illustrated m Case 5 In Cases 2 and 8, systemic reaction and pyrexia, 
although minimal, were definitely associated with acute throat infection 
The comparatively low total leukocyte count is of course unusual in 
leukemia, but is not itself a differentiating sign in the early stages Hem- 
orrhage into the mucous membranes and skin was observed m two cases, 
and differed only in its moderate degree from that seen m the leukemia 
The anginal throat similar to that of leukemia has likewise been observed 
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m two cases Organisms of Vincent’s angina were found in the throats 
m four cases, the smears, however, showing no marked preponderance 
of such fonns The throats, with their well developed inflammatory 
reaction, did not have the appearance characteristic of Vincent’s angina 
The systemic reaction, also, was out of proportion to that seen in 
Vincent’s angina In addition, the blood picture m observed cases of 
true Vincent’s angina has never shown marked or constant alteration 
m percentage of lymphocytes In Mew of the presence of the fusiform 
bacilli and spirilh m diphtheria and other throat infections, apparently 
little significance can be attached theieto m the cases here observed 
The fastigium never extended over three weeks and averaged approxi- 
mately eleven days The fever reached a maximum of 103 F , was an 
irregular, intermittent type, and fell by lysis The pulse rate increased 
with the temperature The patients aie all well at present, seventeen 
months having elapsed since they first came under observation 

The hemorrhagic tendency evidenced in two cases suggests a simi- 
larity to leukemia However, these hemorrhages in the mucosa and 
skin have not been extensive and have not been associated wuth anemia 
The lymphocytosis of chionic focal infection does not suggest itself in 
any case 

It IS highly important that the benign nature of these cases be rec- 
ognized and favorable prognosis given From the standpoint of etiolog}^ 
emphasis on the resemblance to leukemia should broaden the scope of 
study 

Dr Downey’s study of blood morphology indicates characteristics 
which separate this group m a similar manner from other pathological 
conditions associated with lymphocytosis When taken ■with the con- 
stant clinical characteristics described, a distinct disease entity is appar- 
ently defined From blood findings, prediction of clinical features has 
been possible, and from clinical features the blood findings The clini- 
cal features of Case 9 were typical and suggested the blood changes 
afterward reported by Dr Dowmey Such features are readily recog- 
nized, and always indicate that blood examination is necessary The 
usual cases of tonsillitis and pharyngitis have not showm these features 
and have always been associated with polymorphonuclear leukocytosis 

SUMMARY or CLINICAL STUDY 

Certain constant features found m the cases described are (1) the 
occurrence in young adults of an acute tonsillitis or pharyngitis with 
systemic reaction , (2) absence of anemia , (3) enlargement of lymphatic 
glands and frequently of the spleen, (4) lymphocytosis, and (5) the 
comparatively rapid recovery of the patient 
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These features differentiate the group studied from severe infections 
in which anemia and lymphocytosis have often led to confusion with 
leukemia From glandular fever, with its highly epidemic nature, its 
occuirence in children, and its absence of tonsillitis or marked pharyn- 
gitis, difteientiation is also clear 

Although many of the symptoms and signs of acute leukemia are 
piesent in this group of cases, their moderation, together with the 
absence of anemia, defines a condition quite dissimilar None of the 
cases observed have shown either the progressively malignant course 
with prostration and anemia, which is usually present m acute leukemia, 
or the high leukocyte counts, which are also usually present 

These cases, as has been shown, present a distinct clinical entity In 
the absence of knowledge of the etiology of the disease, the descriptive 
term acute lymphadenosis vith lymphocytosis is suggested 


PART II HEMATOLOGIC STUDIES* 

H\l Downe\, PhD 

The group of cases desciibed by Dr McKinlay is of special interest 
to the hematologist first, because it adds another group to the long list 
of reported cases of infectious disease accompanied by lymphocytosis 
instead of the usual polymorphonuclear reaction, and second, because 
numerous authors have had difficulty m distinguishing between the 
blood picture of such conditions and that of cases of acute leukemia 
Prognosis was uncertain in cases reported by some authors, and the 
diagnosis of acute leukemia has been made by others in cases in which 
the complete recover}’- of the patient proved the error In one of our 
own cases, the outcome was somewhat in doubt, in spite of the nega- 
tive blood findings, because the clinical symptoms were similar to those 
of acute leukemia In another one of our cases (Case 3), the blood 
showed some leukemic features, but the clinical findings, with some 
features of the blood to be mentioned later, would not support a diag- 
nosis of leukemia 

REVIEW OF THE LITERATURE 

Since in only one of the cases of this gioup (Case 3) and of many 
other cases of nonleukemic lymphocytosis with other types of infection 
which have been observed by the writer, were there any blood features 


’•'From the Hematological Laboratory, Department of Animal Biology, 
University of Minnesota Aided by a grant from the Research Funds of the 
Graduate School 



96 


ARCHIVES OF INTERNAL MEDICINE 


suggesting leukemia, it would seem that much of the difficulty in diag- 
nosis has been due to inadequate study of the blood Perusal of the 
literature shows this to be the case ^^hth a few notable exceptions, 
the papers dealing with the subject show little evidence of detailed 
blood studies Much attention is given to total counts, percentages, 
etc , but little to detailed cytologj' In most cases, there are no illus- 
trations accompanying the papers, so that it is impossible to pass judg- 
ment on the cells described L} mphoblasts, immature lymphocytes, etc , 
are mentioned, but often it is impossible to determine the type of cell 
the authors have in mind when they are thus described Thus, when 
it IS stated that the blood picture resembled or was identical with 
that of acute leukemia, the statement must be accepted with some reser- 
vation, unless accompanied by descriptive or illustrative proof Such 
proof IS furnished m the papers of Sprunt and Evans and of Bloe- 
dorn and Houghton,^’^ and it is evident from their figures and descnp- 
tions that there is no danger of confusing the blood picture of such 
cases with that of acute leukemia 

That a temporary leukemic blood picture, both myelogenous and 
lymphatic, may accompan} infectious diseases of various types is a 
well known fact (Turk,^^ Naegeli ^ Rothd^ Stursberg,^® Klienenberger,^* 
A Herz,^, F Marchand,^® and man> others), and a blood picture which 
leans more or less tovard leukemia has been produced expenmentally 
by Ludke and Pappenheim 

Organ changes more or less similar to those of leukemia, particu- 
larly myelogenous leukemia, are known to occur with infectious dis- 

14 Turk, W Klinische Beobachtungeii uber das Verhalten des Blutes bei 
akuten Infektionskrankheiten (Cited from A Herz) Braumuller, Vienna and 
Leipzig, 1898 Septische Erkrankungen bei Verkummerung des Granuloc} ten- 
systems Wiener klm Wchnscbr, 1907, No 6 Vorlesungen uber klinische 
Haematologie Wien u Leipzig, Braumuller, 1912 

15 Roth, C Ueber einen bemerkenswerten Blutbefund bei emem Fall von 
subakuter Miliartuberkulose (Ein Beitrag zur Frage der akuten myeloischen 
Leukamie), Ztschr f klin Med, vol 78, 1913 

16 Stursberg, H Zur Differentialdiagnose zwischen akuter Leukamie u 
Sepsis, mit besonderer Berucksichtigung der “Sepsis bei Verkummerung des 
Granulocytensystems,” Med Klm 8 520, 1912 

17 Klienenberger Das Blutbild der akuten Leukamie als passageres 
Symptom, Munchen med Wchnschr 61 1159, 1914 

18 Marchand, F Ueber ungewohnhch starke Lymphocjtose im Anschluss 
an Infektionen, Deutsch Arch f klm Med, 1913, vol 110 

19 Ludke, H Die experimentelle Erzeugung leukamischer Blutbilder, 
Verb d deutsch Kongr f innere Med, 27ster Kongr, Wiesbaden, 1910 

20 Pappenheim, A Atlas der menschlichen Blutzellen, Jena, G Fischer, 
1905, 1912 Grundriss der hamatologischen Diagnostik und praktischen Blut- 
untersuchung, Leipzig, Werner Klmkhardt, 1911 Die Zellen der leukamischen 
Myelose, Jena, G Fischer, 1914 Haematologische Bestimmungstafeln, Leipzig, 
Werner Klmkhardt, 1920 
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eases, and they have been pioduced experimentally in various ways by 
Dominici,-^ Weizberg,-- Hertz, Isaac and MockeH^ 

Many authois have discussed the intimate relation between acute 
leukemia and sepsis, and Sternberg-"" claims that acute leukemia is an 
infectious disease This view is supported to some extent by Tuik, 
who believes that there is some relationship between what he calls 
“lymphatic leaction” and lymphatic leukemia A Herz, basing his 
opinion on cases of his own and of Turk, concludes that there are 
cases of geneial infection in which the blood pictures are identical 
with those of acute leukemia, both myelogenous and lymphatic, and 
that the only difiference between the two is in the final outcome He 
adds that if acute leukemia is an infectious disease, we may assume the 
existence of a cuiable foim 

Blood pictures which aie moie or less leukemic in foim have also 
been noted in cases similar to the group reported here Thiee of 
Turk’s cases seem to be closely related They were cases of angina 
and geneial infection accompanied by slight swelling of lymph nodes 
and moderate enlargement of the spleen The blood picture is described 
in detail for one of the cases There weie 17,000 leukocytes, with 16 
per cent granulocytes The other cells were partly normal lympho- 
cjdes, but mostly atypical, uniipe lymphocyte forms 

Naegeli has also had experience with cases similai to those of our 
group On page 472, he points out the difficulties in distinguishing 
between lymphatic leukemia, lymphocytosis and “lymphatic reaction ” 
Severe leukopenia of 800 to 2,000 white cells most of which are 
lymphocytes is likely to be sepsis with exhaustion or destruction of 
the marrow “Lymphatic reaction” causes the greatest difficulty, 
because the blood shows not only high relative and absolute lympho- 
cyte values, but also atypical lymphocytes and lymphoblasts But these 
are usually cases of acute infection with fever, which are soon cured, 

21 Dominici, H Sur I’lnstologie dc la rate a I’ctat normal et pathologique, 
Arch de mod exper et d’anat pathol 13 , 1901 Etudes sur le tissu conjonctif 
ct les orgdiies hematopoietiques dcs mammiferes, Arch d’Anat Microscop 
17 , 1921 

22 Werzbcrg, A Neue expcrimentelle Beitrage zur Frage der myeloiden 
Metdplasie, Virchows Arch f path Anat 201 272, 1911 

23 Hertz R Zur Frage der experimentellen myeloischen Milz-Metaplasie, 
Ztschr f klin Med 71 , 1910 

24 Isaac S , and Mockel, K Ueber expcrimentelle schwere Anamien 
durch Saponins’ubstanzcn, Verb d dcutsch Kongr f innere Med, 27stex 
Kongr, Wiesbaden, 1910, p 471 

25 Sternberg, C Pnmarerkrankungen des lymphatischen und hamato- 
poetischen Apparates , normale und pathologische Morphologic des Blutes, 
Ergeb d allgem Path u path Anat (Lubarsch-Oster tag), 1905 Ueber die 
Rolle der Lymphozyten bei den chroniscben infektiosen Ent/undungen, Verb 
d deutscb path Gesellscb 16 Tagung, Marburg, 1913 
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with the blood gradually returning to noimal “For a certain time 
the diagnosis may be impossible ” This condition may be further 
complicated by a clinical pictuie which is similar to acute leukemia 
and IS marked by fever, enlarged glands and spleen, and prostration 
On pages 485 and 486, Naegeli describes several of his own cases 
and several from the literature which are similar to those of our group 
In many of his cases, he found large pathologic lymphocytes having 
a blue staining cytoplasm which reminds one strongly of plasma cells , 
and on account of these cells Naegeli was able to decide against leukemia 
in two of the cases He has also noted a somewhat similar blood 
picture in abdominal typhus, and observed a high lymphocytosis with 
immature cells in fetal syphilis, which might be diagnosed as myeloblas- 
tic leukemia 

Cabot’s Cases 3 and 4 seem to be similar to those of our group 
The blood contained 71 per cent and 75 per cent lymphocytes, but 
from the description of the cells it is evident that the blood picture is 
not leukemic Nevertheless, Cabot seems to think that there is danger 
of confusing the picture with leukemia, foi he states “The distinc- 
tion between such a lymphocytosis (accompanying a widespread 
adenitis) and leukemia depends upon the recognition of an infectious 
origin for the adenitis, upon the lesser degree of lymphocytosis in 
the infectious type, and upon the course of the disease ” 

Other writers see leukemic features in the blood pictures of the 
cases which they report, although there is nothing about the morphol- 
ogy of the cells to warrant such a conclusion Thus Sanders ■* reports 
a case of fatal Ludwig’s angina in which the blood contained numerous 
large cells having the morphologic characters of lymphocytes The 
leukocyte counts ran from 11,000 to 23,000 with 96 per cent lympho- 
cytes, mostly of the larger vaiiety The smears contained cells showing 
all giadations from small lymphocytes to the large cells having the 
morphology of lymphocytes In spite of these morphologic characters, 
Sanders seems to think that he has a blood picture of acute myeloblastic 
leukemia, for he states “It seemed impossible to conceive that lympho- 
cytes could migrate into the cellular tissues of the floor of the mouth 
and neck in sufficient numbers to account for the extensive board 
like swelling We therefore believe that they are the immature 
histological antecedents of the granular myelocyte, viz , the nongranular 
myeloblast, and that future studies by the more recent methods will 
show the leukocytes of the infective lymphocytoses, and most likely 
the acute lymphoid leukemias to be of myeloid instead of lymphoid 
origin ” 

Bloedorn and Houghton ^ describe four cases in young adults 
which are similar to those of our group The blood picture was 



DOWNED -McKINLAY— LYMPH 4DE \ OSIS 


99 


essentially the same in all four cases The characteristic cells as 
described and figured seem to be the same as those of one of our 
types (Type II, Fig 7 ), but they are described as “lymphoblasts” 
The authors recognize ceitain minor differences between the blood 
m their cases and acute leukemia, but, ne\ ertheless, they seem to be 
impressed with the difficulty of making a diagnosis, for they state 
“The differentiation of this type of case from acute lymphatic leukemia 
may be particularly difficult The absence of degenerated and fragile 
cells 111 the blood smears, the early return of the temperature to normal, 
the mild course, the absence of hemorrhagic spots and the absence 
of particulaily high leukocyte counts are distinguishing features” 
None of the cells shown in their figures have any resemblance to the 
primitive stem cells which are invariably present in acute lekemia 
They seem to think that the low total leukocyte counts would dis- 
tinguish the cases from leukemia, a statement which is hardly in accord 
with the facts 

Morse,-" in repoiting two cases of “glandular fevei” in adults, 
describes the characteristic cells as “lymphoblasts,” but he recognizes 
the fact that the blood smear is quite different from that of leukemia 

Sprunt and Evans ^ have made a complete blood study on a group 
of SIX cases of adults which are identical with those of our group 
Their paper is illustrated with a good colored plate, from which, and 
the unusually complete descriptions, it is evident that the blood picture 
is in no way related to that of acute leukemia They believe, however, 
that differentiation from beginning lymphatic leukemia may be difficult, 
especially from the clinical side 

Longcope ^ ’ has recently reported a series of ten cases of “infec- 
tious mononucleosis,” most of which are similar to the cases of our 
group The importance of the atypical mononuclear lymphoid cells 
IS realized and they are described in some detail, but there are no 
illustrations They are evidently identical with the cells seen in our 
own cases Because they do not respond to the oxydase reaction, 
Longcope believes that they are denved from true lymphoid tissue 
He also notes that these cells show no relations to the large mononu- 
clears of normal blood, which corresponds to the findings m our own 
group of cases 

Longcope recognizes the distinction between these cases and 
leukemia After pointing out that they are in no way related to 
tuberculosis, typhoid fever, Hodgkin’s disease and syphilis, he states 
“The resemblance to leukemia is perhaps most striking, but the early 
and marked enlargement of the lymph nodes, the absence of anemia 
and of purpura, and the histological and biological characteristics of 


26 Morse, P F Glandular Fever, JAMA 77 1403 (Oct 29) 1921 
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the abnormal mononuclear elements of the blood practically exclude 
the possibility of considering these cases as instances of mild and 
tiansient acute leukemia” 

The foregoing outline of ceitain phases of the literature should be 
sufficient to indicate the importance of further study of cases of 
lymphocytosis, particularly of cases accompanied by general adenopathy, 
like those of our own group, m which the diagnosis has often been 
uncertain until made clear b}’’ the progress of the case More attention 
should be given to cjtologic studies of the blood with special refei- 
ence to possible relationships with the leukemic blood picture It is 
with the hope of contiibutmg somewhat to this as well as to the 
clinical side of the question that we are reporting another group of 
these cases 

author’s casts 

Among the cases which have come under our observation, three 
types can be recognized hematologically These differences are in no 
way related to leukocyte counts and percentages, but depend solely on 
the morphologic features of the cells which give the blood its charac- 
teristic picture There is nothing in the clinical findings to warrant 
such a subdivision of the group, so they are probably of little practical 
importance, although Type III (Case 3, Figs 8 to 11), which shows 
some leukemic featuies, might cause some difficulty in diagnosis, espe- 
cially if cases occur in which these features are more pronounced than 
they were in our one case of this type Each case shows minor vana- 
tions indicating gradations between the types This shows that the 
division of the cases into thiee types is entirely artificial, nevertheless. 
It serves to indicate the great difference in the character of the blood 
picture in the various cases of the group 

Our Type I (Cases 1, 5 and 8, Figs 1 to 6) seems to be the com- 
mon type, for five of our own cases were of this type, as were also 
the six cases reported by Sprunt and Evans, some of Naegeh’s cases 
and the four cases of Bloedorn and Houghton The indistinct half- 
tone figures accompanying the paper of the latter authois are of cells 
which look more like the cells of our Type II (Fig 7), but according 
to the description gnen, the cells are more like those of our Type I 
The colored plate published by Sprunt and Evans shows that their 
cases were identical with our Case 1 Their cells 3, 4, 5 and 7 look 
as though they had been taken from our case 

These authors state that the blood picture in the five cases observed 
from the beginning was the same, showing practically no variations 
Bloedorn and Houghton also noted little variation in the blood picture 
of their four cases Naegeh’s cases showed considerable variation in 
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the blood picture, some weie of the leukemic type, while otheis clearly 
belong to our Type I (Figs 1 to 6) 

Our Case 1 will be desciibed m some detail, because this case 
showed many of the clinical featuies of acute leukemia and was so 
diagnosed m spite of the negative blood findings The negative blood 
1 eport was based on the morphology of the cells and not on the counts 
The first leukocyte count on Maich 6, 1921, gave a total of 3,000 with 
83 pel cent lymphocytes Five days later, the total count had gone up to 
17,000 with 92 per cent lymphocytes Such counts aie common m 
acute leukemia, and aie practically identical with the counts obtained 
in a case of acute lymphatic leukemia which we have illustrated with 
Figures 12, 13 and 14 of our plate in order to compare the cytology of 
acute leukemia with that of benign lymphocytosis 

Typical cells from oui Case 1 aie illustiated in Figuies 1 to 6 
They are not excessively laige cells, as can be seen by compaiison 
with the other figures of the plate which are all drawn to scale by 
outlining with the camera lucida at the same magnification When 
compared with the lymphoid cells of noimal blood, it is seen that they 
are all atypical, pathologic foims, including even the medium-sized 
lymphocyte of Figuie 4, which has a moie basophilic and vacuolated 
cytoplasm than is usual foi these cells 

Nearly all of the lymphoid cells of this blood when fiist examined 
were atypical to the extent illustiated in the figures In spite of the 
maiked lobulation of the nuclei of many of the cells, which is quite 
characteristic for this paiticular case, it is evident that all of the cells 
belong to the lymphocyte senes, foi it is possible to select a complete 
series of transition stages leading from a lymphocyte like the one 
shown in Figure 4 to the laige cells of Figuies 1, 2, 3 and 5 

In building up a senes of this kind, particular attention must be 
gi\en to the inner nucleai stnictuie The size and foim of the nucleus 
are of little value in determining genetic lelationships or stage of 
difierentiation of the cells, but the quantity and distnbution of chio- 
matm and its i elation to the paiachiomatm is of gieat importance 
This IS a pnnciple which has been emphasized time and again by Pap- 
penheim and which is now univei sally lecogmzed by hematologists 
who are woiking on the pathologic side of blood Pappenheim 
believes that the foim of the nucleus and its lelative size deteimine 
the age of the cell at any paiticular stage of differentiation 

According to this scheme, a wide-bodied cell having a nucleus with 
inner structure similai to that of Figuie 13, but lobulated like those 
of Figures 1, 2 or 5 would be an oldei, “leukocytoid” lymphoidocyte 
(in 3 ^eloblast of Naegeh), while cells having the innei nuclear stiucture 
of Ijnnphocytes, but with lobulated nuclei suiiounded by a wide, cell 
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body would be older, leukocytoid lymphocytes In other words, it is 
quite possible to distinguish between morphologic characters which are 
due to immaturity and lack of differentiation and those which are due 
to the process of “aging” and further differentiation 

Perusal of the literature on lymphocytosis shows that these prin- 
ciples must be kept more clearly in mind when studying this condition, 
and especially when it is desired to compare it with true leukemia 
We find that the terms “lymphoblast,” “germ center cell,” “immature 
cell,” etc , have been used in cases that did not justify such terminology, 
and this is undoubtedly partly responsible for the prevailing opinion 
that it IS difficult to distinguish hematologically between these cases 
of benign lymphocytosis and acute leukemia That there may be real 
difficulty in some cases has already been admitted, but this is certainly 
not true of the average case, as we hope to show by this report 

Applying these principles to the cells of our Case 1, it is readily 
seen that the charactenstic cells are highly differentiated, mature, 
“leukocytoid” lymphocytes, rather than immature “lymphoblasts ” 
The lymphocyte type of nucleus is seen in all of them, although it may 
be slightly modified in the largest cells (Figs 2 and 3), which have 
probably been denved from large “mesolymphocytes ” 

Figures 4 and 5 are best for the charactenstic structure of the 
lymphocyte nucleus The chromatin forms a coarse network of heavy 
strands and masses which are not sharply separated from the parachro- 
matin This gives the nucleus a cloudy appearance which is quite 
characteristic for the lymphocj’te In some cells there is a slight con- 
densation of the chromatin with corresponding separation from the 
parachromatin, resulting in the formation of a more definite network 
(Fig 1) The dense rounded or angular blocks of chromatin charac- 
tenstic of the nuclei of plasma cells, of which there are a few m this 
blood, are the result of further condensation The plasma cell nuclei 
are somewhat similar to the nucleus of Figure 7, which is from 
another case 

In some of the larger cells, there may be a slight tendency toward 
a more diffuse arrangement of the chromatin (Fig 2), but this is 
never sufficient to warrant classification of the cell as a lymphoblast 
or particularly immature cell, because the lymphocytic nature of the 
nucleus always remains evident The difference is immediately appar- 
ent if Figure 2 is compared with the immature lymphocytes of a case 
of acute lymphatic leukemia shown in Figures 12, 13 and 14 Figure 
13 IS the most immature cell of this series, and it is identical with the 
“myeloblast” of Naegeh It is followed by the older cells shown in 
Figures 14 and 12, which illustrate the gradual differentiation of the 
lymphocyte from the “stem-cell ” These cells are characterized by the 







Explavation of Plate 

All the fitriires Tre dnwn with the same magnification (Zeiss 2 mm apochromatic objective, N A I 4 
and compensating ocular 8) and outlined with the camera lucida, drawing board at the height of the stage 
Figs 1 6 — The predominating types of lymphoid cells in Case 1 The clinical picture of this case was 
almost similar to that of acute leukemia, but the blood contained no immature cells The predominating 
cells of Cases S, 6, 8 and 9 were almost similar to these They and Case 1 are grouped as Type I 
Fig 7 — The characteristic cell of Type II, which includes Cases 2, 4 and 7, and one case reported by 
Dr Cross The nuclei of these cells frequently resemble those of plasma cells derived from lymphocytes 
The cytoplasm is not so basophilic and not so vacuolated as m Type I 

Figs 8 11 — Cells from Type III, Case 3 In general, the cells from this case resemble those of Type I, 
but some rf them show leukemic features, such as the azurophil rod in the large vacuole of Figure 11, 
narrow bodied cells with indented nuclei (not illustrated), and cells with nuclei which are more or less 
immature, i e , with diffuse sievelike arrangement of chromatin and nucleoli (Figs 8 and 9) 

Figs 12 14 — Immature cells from a case of acute lymphatic leukemia These are included in order to 
facilitate comparison of benign lymphocytosis with acute lymphatic leukemia The total count and lympho 
cyte percentage in this case were similar to the counts in Case 1 (Figs 1 to 6) 
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extiemel} fine and legular chioniatin network, the presence of nucleoli, 
and the abundant and distinct parachromatin which seems to be com- 
posed of innumeiable fine, rounded granules embedded m a continuous 
mass ^of chromatin This “leptochi omatic” structure is seen best m 
cell lo, while cells 14 and 12 show how the nuclear structure gradually 
becomes coarser (“pachy chi omatic” — Pappenheim) with progressive 
differentiation 

The thiee cells just refen ed to show all of the morphologic signs 
of immaturit} and lack of differentiation, while the cells of our Case 1 
(Figs 1 to 6) are highly differentiated, mature and functionally active 
cells Their state of differentiation is read from the inner structure 
of the nucleus, indicating mature lymphocytes in this case, while the 
age of the cells and their functional activity are expressed by the 
lobulation of the nucleus, the vacuolization of the cytoplasm, the large 
amount of hyaloplasm and the azure granules Signs of aging and 
functional actnity ma}’ also be seen in immature cells, such as the one 
illustrated m Figure 14, which is a cell having a nucleus close to that 
of the stem-cell, but with a wide cell body 

The foiegomg is the explanation which Pappenheim^'' gives for 
the tarying morpholog} of the lymphoid cells It may or may not be 
the complete explanation of the underlying causes of morphologic 
lanability of the cells, but nevertheless it serves the purpose of enabling 
us to draw a sharp line between cytologic characters due to immaturity 
and those which are due to some other cause There were no imma- 
ture cells in our Case 1 

The nuclei of the larger cells are frequently placed eccentncally 
and are generally lobulated or indented, as shown in the illustrations 
Mam of the smaller cells also ha\e irregular nuclei (Fig 6) There 
is an occasional cell with a very wide and pale cell body consisting 
mostl} of hjaloplasm, but ivith the nucleus of a mesolymphocyte A 
few of the larger types of cells hare nuclei wdiich nearly fill the cell, 
and these large nuclei may be irregular in outline 

The cytoplasm in the piedominating type of cell of all of the cases 
of Type I is quite characteristic The degree of basophilia varies 
somewhat, but most of the cells are very basophilic, much more so 
than IS usual in the normal large lymphocyte or large mononuclear 
There is an occasional cell with the nuclear and cytoplasmic characters 
of a plasma cell, but most of them do not have the nuclear structure 
of plasma cells, although their spongioplasm may be just as basophilic 
With Wright’s stain the spongioplasm appears as dark blue or slate 
blue, finely gi anular or flaky, material with a pale yellowish back- 
giound of hyaloplasm Its distribution is such that it gives the cyto- 
plasm a \acuolated, foamy or mottled appearance The peripheral 
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portion of the cell may contain relatively more spongioplasm and 
therefore appear darker and more homogeneous than other parts of 
the cytoplasm If the nucleus is indented, as is frequently the case, the 
cytoplasm in the neighborhood of the indentation contains relatively 
more of the yellowish hyaloplasm and is, therefore, lighter than the rest 
of the cell 

Frequently (Case 1) there are one or more azurophil granules 
embedded m the hyaloplasm of this region, which give the whole 
structure the appearance of a centrosphere Most of the atypical cells 
contain azurophil granules, and they are quite abundant in most of 
the larger cells They are usually of the lymphocytic type, i e , fine 
and carmm red There are a few cells with large spherical granules 
Variations were noted in the number and size of the azure granules 
and in the number of cells containing the granulation m the different 
cases of Type I These will be refeired to more specifically in the 
notes on these cases 

The blood picture of Case 1 retui ned slowly to normal, although 
the patient was clinicall}^ well three months after the onset of the dis- 
ease After eight months, the total number of leukocytes was normal, 
but 50 per cent of them were 1} mphocytes with a few of the atypical 
forms Eleven months after the beginning of the illness, the atypical 
cells had disappeared, but the differential count still showed 50 per 
cent lymphocytes with a normal total leukocyte count 

In order to avoid needless repetition, the other cases of Type I 
(Cases 5, 6, 8 and 9) will be described m the form of brief notes 
comparing the cases with Case 1 

TYPE I CASES 

Case S — The atypical cells are not so basophilic and there are not so 
many with lobulated nuclei as in Case 1 although cells u ith eccentric nuclei 
are quite numerous Their nuclear structure shows that thej are modified 
lymphocytes A few of them contain nucleoli, but these are surrounded by 
heavy masses of chromatin, so that the nucleus still preser\es its Ivmphocitic 
character There are no other signs of nuclear lmmaturlt^ The cytoplasm 
IS spongy and vacuolated and it rareh' contains azure granules There are a 
few basophilic monocytes with greatl}' lobulated nuclei and cytoplasm loaded 
with fine azurophil granules These may be mistaken for neutrophilic myelo- 
cytes if the cytologic analvsis is not made with sufficient care Similar cells 
were not seen in Case 1 Most of the atvpical cells had disappeared eight 
days after the first examination 

Case 6 — Large and medium-sized atypical Ij mphocytes similar to those 
of Case 1 are present, but there are not so manj large cells, the lobulation 
of the nucleus is not so extreme, the cell-bodj is not so wide, and the azure 
granulation is rather coarse Cytoplasmic vacuoles are present and the 
spongioplasm is basophilic There are many more normal small and medium- 
sized lymphocytes than in Case 1 A small percentage of neutrophilic meta- 
myelocytes was noted 
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Case 8 The atypical cells are similar to those of Case 1, except that the 
nuclei are not so lobulated Azure granules are present m most of the cells, 
including the ver}' basophilic ones This case contains more cells of the 
monocyte type with lighter, lobulated nuclei and abundant fine azure granula- 
tion in the cytoplasm The nuclei of these cells do not show the coarse 
chromatin strands seen in the lymphocytic type of cell (the atypical cell 
characteristic of the disease) 

Case 9 — Case 9 is practically identical with Case 1, except that the azure 
granulation is not found in so many cells and is finer than in the cells of 
Case 1 Some of the plasma cells have rather diffuse nuclei which gives them 
a structure approaching that of the Turk irritation form 

TYPE II CASES 

The next senes of cases belonging to the group reported here are those 
included in our Type II They include Cases 2, 4 and 7, and one outside case, 
already reported by Dr J G Cross,”' which we were permitted to study 

All of the cases of this series have a strikingly similar blood picture, which 
is characterized by the presence of atypical cells having a different morphology 
from those of Type I There are slight gradations between the extremes of 
the two types, so it is likely that these morphologic characters are of slight 
importance 

An atypical cell of this series is illustrated in Figure 7, which represents 
the characteristic cell of Case 4 The slight variations from this t 3 'pe seen in 
the other cases will he pointed out in the notes on those cases 

The nucleus of Figure 7 is somewhat similar to that of a plasma celj 
The chromatin strands are very coarse, and there are several dense, rounded 
or angular masses of chromatin among them The arrangement of chromatin 
in dense masses is quite characteristic of the nuclei of plasma cells derived 
from Ijmphocytes, and the nuclei of many of the atypical cells of this series 
approach the plasma cell type more or less They have more of a washed 
appearance, and the blocking of the chromatin is not so pronounced as in the 
plasma cell, but it may be more evident than is the case m Figure 7 

These considerations alone indicate that the cell of Figure 7 should be 
classified with the lymphocytes, and this conclusion is supported further by the 
fact that in all of the cases it is possible to build up a complete series of 
intermediate stages between the larger and medium-sized lymphocy<-es and the 
atypical cells having lymphocyte or plasma cell nuclei 

The cytoplasm in this series (Fig 7) is very different from that of the 
cases belonging to Type I (Figs 1 to 6) It has fewer vacuoles and its 
spongioplasm has a smoother appearance which does not give the foamy, spongy 
and stippled effect noted in the cells of Type I It is generally less baso- 
philic, and there is a more even mixing of spongioplasm and hj'aloplasm 
Figure 7 illustrates the tendency of the basophilic portion of the cytoplasm 
to be arranged in the form of broad bands radiating from the nucleus This 
arrangement was striking in many of the cells of Case 4, but was not noted 
m the other cases of the series 

The cell body is generally wider than in the cells of Type I, and the nucleus 
IS rarely lobulated In Case 4, the nucleus seems to be quite fragile, for in 
most of the cells it is damaged somewhat and is generally squeezed out to 
one margin of the cell This occurs in many different slides, so the damage 
IS probably not due to the manner in which the smear was made 

Case 4 contains about a normal percentage of large mononuclears with 
lobulated nuclei and fine azurophil granulation in the cytoplasm 

Cases 2 and 7 are also of Type II, as is also the case reported by Dr Cross 
Case 2 —The atypical lymphocytes are practically identical with those of 
Case 4, except that there are more cells with narrow cytoplasm There are 
few normal small or medium-sized Ijunphocytes, although one sees an occa- 
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sional medium-sized lymphocyte with a very narrow cell body hut with a 
mature nucleus There are no immature cells The cytoplasm of the atypical 
cells IS pale as shown in Figure 7, but contains irregular basophilic areas 
in place of the basophilic streamers radiating from the nucleus There are 
few cells with azurophil granules, those with granules contain from 1 to 3 
of them A few monocjtes with lobulated or indented nuclei and fine azure 
dust in the cytoplasm, and transitional stages between these and the large 
lymphocytes are present Eighteen days after the first examination, the 
atypical cells had practically disappeared from the blood In this respect 
the case differs markedly from Case 1 

Case 7 — The atypical cell is a large wide-bodied cell with the nucleus of 
a medium-sized lymphocyte The cytoplasm contains cloudj', basophilic areas 
which, however, do not radiate from the nucleus as in Figure 7 There are 
large vacuoles in the c 3 'toplasm of some of the cells, and some cells contain 
very large, round azurophil granules Cells with lobulated nuclei are scarce 
An occasional atypical cell w'as found whose nucleus contained one or more 
nucleoli But this was the onl}' sign of immaturity, for in other respects the 
nucleus was that of the ordinary medium-sized Ij’mphocyte There are a 
few normal small and medium-sized tymphocytes and all transitional stages 
betw'een them and the atypical large cells These transitional stages are so 
numerous that there is no question in this case that the atypical cells are 
derived from lymphocytes 

Another case w'hich w'e w’ere permitted to study belongs in this series 
It IS the case reported bj' Dr Cross as Case I of his series The blood picture 
IS almost similar to that of our Case 4 and the atypical cells are like the 
one shown in Figure 7, except that the cloudy basophilic areas do not radiate 
from the nucleus The nucleus of a great many of the cells is very much like 
that of Figure 7 The chromatin blocks are distinct, and in many of the cells 
the nuclei are of the plasma cell type, although the cytoplasm is not like 
that of a plasma cell Few' of the nuclei are lobulated, and there are not 
many vacuoles in the cytoplasm None of the nuclei show signs of immaturity, 
so the blood picture does not suggest leukemia 

COMMENT 

All of the cases of our Types I and II are charactenzed by the 
presence of atypical cells which are clearly modified lymphocytes, or 
mesol 3 Tnphocytes of Pappenheim The abnormal characters are due 
to greater maturity and functional activity of the cells Only occa- 
sionally are signs of immaturity present, and then they are never suffi- 
cient to confuse the picture ivith that of leukemia Such signs were 
noted in Cases 2, 4, 5 and 7 In Case 2 there was an occasional medium- 
sized lymphocyte with a very narrow cell-body, but with mature 
nucleus Case 4 was marked by extreme fragility of the pachychro- 
matic (coarse structured) nucleus In Cases 5 and 7, there were a 
few cells with nucleoli in an otherwuse normal lymphocytic nucleus 
Case 9 had a few plasma cells approaching the Turk irntation form, 
that IS, with leptochromatic nuclei 

TYPE III CASES 

Our Type III includes cases showing more leukemic features than 
any of those described under Types I and II We have only one case 
(Case 3) to report under this heading This case is also marked by 
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the presence of lathei large atypical cells which in geneial are some- 
what Similar to those of Case 1 (Figs 1 to 6) The cytoplasm is 
vacuolated and in some cells it is quite basophilic (Fig 10) In the 
laiger cells (Figs 8 and 9), there is usually relatively more hyaloplasm, 
but the distribution of the spongioplasm remains about the same, in 
which respect the case difters markedly from those of Type II (Fig 7) 

The leukemic features are of chief interest m this case Possibly 1 
per cent of the lymphoid cells contain a single large vacuole with an 
azurophil rod, in addition to smaller vacuoles distributed rather evenly 
throughout the cytoplasm The larger vacuole is located within an 
indentation of the nucleus One such cell is illustrated in Fig 11, 
from which it is seen that the nucleus is that of a typical mesolynnpho- 
cyte Azurophil rods or fibeis located in large vacuoles are features 
which have been reported in many cases of acute leukemia, especially 
m those of the lymphoidocytic (myeloblastic) type 

The nuclei of some of the atypical cells are dedifterentiated to such 
an extent that some of them closely approximate the lymphoidocytic 
type Figure 8 is one such cell with a diffuse, vacuolated nucleus 
having three nucleoli Comparison of this cell with those of Figures 
12, 13 and 14 from a case of acute lymphatic leukemia shows that its 
nucleus is close to that of the stem-cell It resembles closely the nuclei 
of Figuies 12 and 14 

The smears contain numerous intermediate stages leading from 
the cell with immature nucleus to cells having nuclei like the one of 
Figure 11, which is a typical, completely differentiated lymphocyte 
nucleus In the series which we have illustrated, the nuclei of Figures 
9 and 10 are intermediate between those of Figuies 8 and 11 

An occasional neutrophilic myelocyte was found in the blood of 
this patient and also a small number of medium and small lymphocytes 
with very narrow cell-bodies and indented or slightly lobulated nuclei 

The clinical features of this case were clearly against leukemia 
The hematologic report was also negative for leukemia on account of 
the small number of immature cells and the presence of numerous 
lymphocytic plasma cells These are cells with nuclei having coarse, 
distinct blocks of chromatin, a character which is usually pronounced 
in plasma cells derived from lymphocytes These cells may occur m 
lymphatic leukemia (Naegeli), but they are usually not numerous 
The Turk irritation foim of plasma cell with diffuse myeloblastic 
nucleus may be abundant m various forms of leukemia, especially in 
those of the myelogenous type 

Naegeli was also able to decide against leukemia in two of his 
cases on account of the numerous plasma cells present But Naegeli 
warns against the assumption that the presence of a few plasma cells 
excludes leukemia 
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Sternberg^® states that plasma cells do not occur m chronic 
leukemia, except wheie there is a coexisting inflammatory process 
They do occur m acute leukemia, and this is one of Sternberg’s reasons 
for believing that acute leukemia is an infectious process and not a 
true leukemia He says that m chronic lymphatic leukemia plasma 
cells may be found separate from the leukemic infiltrations, especially 
111 association with ulcerative processes 

In our own case (Case 3), there were not enough immature cells 
to suggest acute leukemia, while the sudden onset of the disease and 
the clinical findings, together with the occurrence of plasma cells in 
the blood were against chronic lymphatic leukemia 

DirrCRENTIAL DIAGNOSIS 

Although the blood picture varies considerably m the three types 
of cases which we have reported, it has been shown that there are 
certain characteristic features which distinguish them from acute 
leukemia This is true even m Case 3, m which the leukemic features 
were more pronounced than m the other cases In this case, as in all 
the others, there are predominating atypical lymphocytes which give 
the blood its special character 

The morphologic features which characterize the atypical cells are 
largely cytoplasmic, but the nucleus may also be involved, as is shown 
by those cases m which the nucleus approaches the plasma cell type 
In Case 3, we see that decidedly immature lymphocjdqs with lepto- 
chromatic nuclei and nucleoli may show cjtoplasmic characters similar 
to those of the atypical cells derived from fully differentiated 
mesolymphocytes 

The atypical cells show some plasma cell characters which are 
more pronounced m some cases than m others They may, therefore, 
be described as “abortive plasma cells ” They are different from those 
seen m acute forms of leukemia, Avhich are usually of the Turk 
irritation form 

In addition to the “abortive plasma cells,” there may be other 
atypical cells, few m number, but with some leukemic characters 
They and cells with immature leptochromatic nuclei are more abundant 
m acute leukemia than they were m any of our cases 

As far as the blood is concerned, there may be greater danger of 
confusing some of our cases with chronic leukemia than with the acute 
form We have one good example of this possibility m a case of 
chronic lymphatic leukemia which is now under daily observation 
The total count m this case has varied between 27,000 and 62,000, 
with the usual high percentage of lymphocytes There are few imma- 
ture cells, and on certain days the majority of the cells are of the type 
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shown in oui Figure 7 The histoiy, clinical findings and lapid 
changes in the cytology of the blood serve to distinguish this case 
from those in the group which we aie reporting On the other hand, 
the special chaiacters of the cells which we have called atypical cells 
or abortive plasma cells, the small number of immature cells and cells 
showing othei leukemic featuies, as well as the clinical findings, 
difierentiate oui cases from acute leukemia 

Total leukocyte counts and dififeiential counts which do not dis- 
tinguish between the different types of lymphoid cells present aie of 
little value in deciding for oi against acute leukemia 

One of OUI own cases and two outside cases referied to the writei 
for hematologic diagnosis may be cited in support of this statement 
In spite of the fact that the total leukocyte count and the percentage 
of lymphocytes weie about the same in the three cases, they represent 
three different types of disease Although the counts were similar, the 
cytology was different m the three cases Both the clinical findings 
and the counts pointed towaid acute leukemia, which was suspected m 
all of these cases Study of the blood cytology, howevei, showed 
only one of them to be leukemic This checked with the final outcome 
of the cases 

The fiist case is our Case 1 (t'lgs 1 to 6) which has already been 
described m detail When the blood was fiist examined soon after 
the onset of the disease, there were 3,000 leukocytes with 83 pei cent 
lymphocytes Five days later there weie 92 per cent lymphocytes 
That these were not of the leukemic type has aheady been shown 
The next case was one of mouth infection with fever and extensive 
ulceration of the mouth and tongue Smears from the ulcers contained 
Vincent’s organisms There were 3,200 leukocytes with 85 per cent 
lymphocytes Twelve days later, the total count had dropped to 2,600 
leukocytes and 92 per cent lymphocytes 

Cytologic study showed that the case was not leukemic and that it 
did not belong with our group of nine cases of benign lymphocytosis 
There were a few atypical monocytes, but the lymphocytes were nor- 
mal, except foi an occasional large leukocytoid form somewhat similar 
to the one shown m our Figuie 7, but without the cloudy areas The 
azurophil granulation when present was normal Theie were no 
immature cells Large and medium-sized lymphocytes predominated, 
but there were a few small ones The patient made a complete recovery 
and the blood returned to normal in about one month 

The third case with a similar total count and percentage of lymphoid 
cells was one of acute lymphatic leukemia The case ran a clinical 
course typical for that disease and diagnosis was confirmed by histologic 
examination of the organs 
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The first differential count in this case gave 84 per cent Imypho- 
cytes with a total leukocyte count of 3,200 The total count fluctuated 
between 3,000 and 5,000 for the next six days and began to rise on 
the seventh day, reaching 17,500 on the tenth day, which was the day 
before death The percentage of lymphocytes giadually increased 
until It reached 99 per cent the day before death 

Clinically, there was little to distinguish this case from the case of 
mouth infection discussed above, except that there was less ulceration 
in this case The swollen and sore gums were at first ascribed to Vin- 
cent’s gingivitis and pyorrhea Leukocyde counts were similar in both 
cases when first seen, and anemia was not pronounced in either case 
In the leukemic case, there were three million red cells and 70 per 
cent hemoglobin the day before death 

The blood cytology of the leukemic case was totally different from 
that of either of the other two, showing a low total leukocyte count 
This blood contained great numbers of atypical lymphoid cells in which 
the abnormal morphology was clearly due to immaturity and lack of 
differentiation The number of such cells increased steadily with the 
progress of the disease until finally' 85 per cent of the lymphoid cells 
were immature lymphocytes 

We have illustrated three cells from this case in Figures 12 to 14 
Figure 13 is probably the most immature cell of the three, but Figures 
12 and 14 are close to the stem-cell Comparison of these cells with 
those of Figures 1 to 6 from our Case 1 will immediately show the 
difference between morphologic changes due to immatunty and those 
due to other causes 

The blood of this leukemic case is of special interest and importance, 
because it contains all the intermediate stages between cells similar to 
the myeloblast of Naegeh and normal, fully differentiated lymphocytes 
Discussion of this case, houever, is reserved for a later paper, when 
the case will be reported in detail For literature on cases of similar 
hematologic importance from the standpoint of the monophyletic 
theory of blood cell relationships, the reader is lef erred to the papers 
by Fineman,^^ Citron and Du Toit=® 

These three cases furnish a good illustration of the fact that the 
terms “lymphoblast” and “germ center cell,” which have been used 
in the descriptions of benign lymphocytosis with adenoid hyperplasia, 
should be used with caution The term “tymphoblast” may be justi- 

27 Fineman, S A Studj of Microljmphoidocjtic Leukemia, Arch Int 
Med 29 168 (Feb) 1922 

28 Citron, J Ueber zwei liemerkensv erte Falle ion (akuter) LeuD'mie, 
Folia Haematol , Arch 20 1 1915 

29 Du Toit, P J Beitrag zur Morphologie des normalen und des leukamis- 
chen Rmderblutes, Folia Haematol Arch 21 1, 1916 
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fied for cells like those shown in Figures 12 to 14, or even for a cell 
like that of Figure 8, if by lymphoblast is meant a cell whose nuclear 
structure indicates immaturity or lack of differentiation Such cells, 
however, are not the type found m the germ centers of normal lymph 
nodes, and they are not necessaiily the mother cells of the lymphocytes 
They are abundant in acute leukemias, although the dedifferentiation 
does not necessarily reach back as far as the cells of Figures 12 to 14 
The finding of an occasional immature cell, as in our Case 3 
(Figures 8 and 9) does not warrant a diagnosis of acute leukemia, 
even though the clinical picture should point in that direction In 
chronic lymphatic leukemia there may be few immatuie cells, so that 
the diagnosis of that condition will frequently have to depend on 
other findings 

A lymph node was obtained from one of our cases (Case 7 ) In 
structure it seems to be similar to the nodes described by Sprunt and 
Evans, who removed nodes from three of their cases and found them 
to be very hyperplastic with some obliteration of structure They 
differed from leukemic nodes only in the degree of hyperplasia 

The node from our case was hypei plastic, but showed small remains 
of follicles at the periphery The peripheral sinuses weie compara- 
tively free, and theie was no invasion of the capsule The interior 
of the node was quite diffuse, with large areas of extremely small 
lymphocytes Scattered here and theie through the node, there were 
groups or single large lymphocytes with extremely basophilic cyto- 
plasm, thin nuclear membranes, little chromatin and prominent nucleoli 
These must be regarded as immature lymphocytes The atypical 
lymphoc34es of the blood could not be recognized, which seems to 
indicate that the atypical characters are assumed after the cells reach 
the blood 

The proliferation of the reticulum of the medullary sinuses noted 
by Longcope in the nodes of two of his cases nas not seen in our case 
Comparison of this node with one fiom a case of chronic lymphatic 
leukemia shows only slight differences The leukemic node shows 
some large germ centers, but no definite follicles , the penpheral sinuses 
are filled with lymphocytes, and there is slight invasion of the capsule 
The distinct areas composed of extremely small lymphocytes are lack- 
ing in the leukemic node In other respects, the two nodes are almost 
similar 

SUMMARY OF BLOOD STUDIES 

Cytologic study of the blood in nine cases of benign lymphocytosis 
accompanied by adenoid hypei plasia has shown that the blood picture 
is sufficiently characteristic to warrant inclusion of all of the cases in 
one large group The blood is characterized by the presence of a rela- 
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lively large number of atypical “leukocytoid” lymphocytes, which 
show sufficient variation in structure to suggest division of the cases 
into three types The abnormal cell characters may be interpreted as 
being due to higher differentiation and special cell activity In one 
case, these characters were combined with the nuclear signs of imma- 
turity in a few cells The blood of this case contained some other 
leukemic features, but they were not sufficient to warrant a diagnosis 
of acute leukemia 

Special attention was gnen to comparison of these specimens of 
blood with the blood picture in acute leukemia In every case, it was 
possible to determine the nonleukemic nature of the blood, even though 
the clinical picture suggested acute leukemia 

A detailed comparison was made between one of these cases and 
one case of acute lymphatic leukemia having a total leukocyte count 
and lymphocyte percentage similar to our Case 1 A case of mouth 
infection with similar counts is described, and it is shown that the 
blood cytology is totally different from that of the leukemic case and 
from the group of cases of benign lymphocytosis All three cases 
showed clinical symptoms of acute leukemia, but the blood picture 
differed in each case, and w'as sufficiently charactenstic to permit 
correct diagnosis 
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The first step toward the treatment of a disease is the recognition 
of its existence In the last seven years at the Peter Bent Brigham 
Hospital, there have been three cases which were not in accord with 
any hitherto recognized diagnosis, and which, because of the similar 
signs, S3TOptoms, course and postmortem findings, strongly suggested 
a definite disease entity Study of these cases has yielded little knowl- 
edge of the underlying etiologic factors Because of this fact, these 
cases are presented, in the hope that similar cases will be more easily 
recognized, and more fruitful effort result 

REPORT OF CASES 

C'VSE 1 — History — A J N, aged 42, married, a piano-case maker, entered 
Peter Bent Brigham Hospital, Dec 20, 1916, complaining of weakness and 
gaseous distension of the abdomen His family, marital, and past history 
presented no significant data His habits were excellent He was born in 
Sweden, and had lived in Boston for twenty-five years He had usually 
enjoyed good health His illness dated from one and one-half years before 
admission, when, without evident cause, he had suffered from watery diarrhea 
The stools numbered from four to five daily and never contained macroscopic 
blood At the onset of the diarrhea, he was troubled by considerable epi- 
gastric distention, “sour stomach,” and borborygmus Ihe diarrhea ceased 
after four months, but the gaseous distention persisted He continued to work, 
but tired more easily 

Six weeks previous to entrance, he became noticeably short of breath, and 
observed that his feet swelled occasionally Three weeks previously, along 
with a continuation of his dyspnea, he became increasingly weak, and, one 
week before coming to the hospital, was finally forced to stop work The 
appetite was excellent, the bowels moved once a day, and he suffered no pain 

Physical Eramination — The patient was well developed, but thin He lay 
quietly in bed, m no evident pain or discomfort The face was somewhat 
emaciated, and there were several areas of vitiligo about the chin and throat 
The skin was slightly yellow, pale and dry The lips were pale, the tongue 
smooth, slightly reddened and shiny The heart was normal, the rate, 80 per 
minute Systolic blood pressure was 98, diastolic, 40 Physical examination 
of the lungs was negative save for a few dry rales at the right base, and a 
harsh expiratory grunt audible over all the front and back The abdomen 
was rather full and distended, and tympanitic throughout There were no 
masses, or areas of spasm or tenderness The reflexes of the arms and legs 
were normal Moderate soft edema was ev ident over both ankles Ophthalmo- 
scopic examination showed normal fundi The temperature, respiration and 
pulse were normal 

'•'From the Medical Clinic of the Peter Bent Brigham Hospital 
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Laboratory Findings — Nine complete blood examinations during the patient’s 
forty-nine day stay in the hospital showed the hemoglobin to average 73 per 
cent , the red blood count, 2,900,000, the white blood count, 5,000 The dif- 
ferential count averaged polymorphonuclears, 65 per cent , lymphocytes, 30 
per cent , transitional cells, 5 per cent There were no eosinophils, mast cells 
or myelocytes The red blood cells showed considerable variation in size, 
with many microcytes and macrocytes, slight variation in shape, slight poly- 
chromatophilia, no normoblasts or stippling 

Four of the eight urine examinations showed the slightest possible trace 
of albumin, with occasional hyaline casts, twice The phenolsulphonephthalem 
excretion was 47 per cent in two hours 

Thirteen stool examinations were made The bowel movements averaged 
two per day All stools were gray, unformed, pasty and shiny They con- 
tained no macroscopic blood, mucus or parasites Microscopically, numerous 
sheafs of fatty acid crystals, and, after heating with acetic acid, numerous fat 
droplets and needle crystals, were evident No pus or ova were present The 
benzidin reaction was persistentl}' negative The mercuric chlorid test for 
bile was always strongly positive The increase in fat and fatty acids gave 
a striking contrast to the stools of other patients on the same house diet 
Proctoscopic examination showed no apparent atrophy of the mucosa of 
the rectum 


Rfsuits or Blood Anal\ses 



Whole Blood, 

Plasma, 


Gm per 100 C c 

Gm per 100 Cc 

Lecithin 

Normal, fasting 

0 30 

022 


024 

012 

026 

012 

Cholesterol 

Normal, fasting 

021 

022 

Patient 1 

015 

012 

ratient 1 meal 

015 

012 

Total Fattj Acids 

Normal, fasting 

036 

0 38 

Patient I before meal 

0 51 

0 29 

•Patient 1 

040 

0 30 


Gastric analysis of the fasting content and specimens withdrawn at fortj- 
minute intervals following an Ewald test meal showed a persistent anacidity 
and a low total h5"drochloride content, never requiring for titration more than 
14 c c of tenth normal sodium hj’droxid per hundred cubic centimeters 
Microscopic examination of the fasting contents showed no food residue, no sar- 
cmae, yeast cells or Oppler-Boas bacilli The benzidm reaction was negative 
Roentgen-ray studies of the gastro-intestinal tract revealed no abnormalities 
The actual emptying time of the stomach was three and one half hours 

The patient raised a moderate amount of mucoid sputum, which on two 
occasions showed no tubercle bacilli Both fresh and digested specimens were 
examined The Pirquet test was but slightly positive at the end of twenty-four 
hours Roentgen-ray examination of the chest showed cloudiness of the 
superior mediastinum, more marked on the right, and obscuring somewhat the 
lung field m the region of the right apex This was suggestn e of large 
mediastinal glands 

The patient’s blood sugar was found to be 12 mg per hundred cubic centi- 
meters The basal metabolic rate was found on two successive occasions to 
be — 7 and — 8 SevenU-tuo minutes after eating 413 gm of beefsteak, the 
metabolic rate had risen to + IS After 147 minutes, it was + 14 
The Wassermann reaction on the blood serum was negative 
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A study of the patient’s ability to digest fat was attempted He was given 
100 gm of fat in the form of 20 per cent cream and butter Blood samples 
were analyzed for lecithin, cholesterol and total fatty acid content both before 
and five hours after the meal The results are summarized in the accompany- 
ing table 

It will be noted that the lecithin, cholesterol and total fatty acid content 
of the whole blood was low, likewise, the cholesterol and lecithin content of 
the plasma was below the normal amount Of greater significance is the fact 
that none of the amounts were found to be increased following the ingestion 
of the meal 

On another day, the duodenal contents were withdrawn on a fasting stomach, 
and the ability to digest olive oil, boiled and unboiled starch, and casein was 
studied In each instance, the control tubes, containing the foregoing sub- 
stances minus the duodenal ferments, showed no change after eighteen and 
thirty hours’ incubation, whereas, practically complete splitting was accom- 
plished by the patient’s duodenal ferments Quantitative estimations of the 
pancreatic ferments showed the amylase and trypsin content to be normal, the 
lipase slightly less than normal 

The fat content of the blood was also studied One hundred and seventy 
cubic centimeters of blood was withdrawn and carefully mixed with four 
volumes of 95 per cent alcohol Bloor’s method for determining the presence 
of unsaturated fatty acids was employed The fat took up no lodin, indicating 
the absence of unsaturated fatty acids 

On a standard Schmidt-Strassburger diet, the fat output in the stools was 
found to be 19 per cent of the intake, whereas, the normal was considered to 
be about 5 per cent Of the fat present in the stools, about 77 per cent was 
present as fatty acids and soaps These tests would indicate satisfactory 
digestion, but incomplete absorption 

Hydrochloric acid was given over a considerable period without appre- 
ciable effect 

Diagnosis — Because of the blood picture and the pallor, the diagnosis of 
pernicious anemia was considered, although the blood picture was not entirely 
characteristic The degree of prostration, moreover, was out of proportion to 
the anemia This latter fact, together with the presence of pigmentation, low 
blood pressure, anemia and fatty stools, suggested Addison’s disease with 
intestinal tuberculosis 

During the stay in the hospital, the patient’s strength improved somewhat, 
and he was finally discharged on the forty-ninth day with the diagnoses 
pernicious anemia^ Addison’s disease^ tuberculosis of the retroperitoneal 
lymph nodes ^ 

Course and Readmissxon — After leaving the hospital, Feb 6, 1917, the patient 
had about three bowel movements a day, and was troubled by considerable 
epigastric fulness and borborygmus He became progressively weaker, his 
appetite failed, and he lost so markedly in flesh that, on readmission, April 
8, his weight, which on discharge had been 58 kg, had fallen to 43 kg 
Physical examination, save for increased wasting, was unchanged The stools 
retained their previous characteristics Examination of the urine was nega- 
tive on four occasions 

Examination of the blood showed the hemoglobin to the 62 per cent , the 
red blood cells, 2,568,000, the white blood cells, 3,800 per cubic millimeter 
The differential count was polymorphonuclears, 70 per cent , lymphocytes, 
30 per cent The red cells showed moderate variation in size, slight variation 
in shape, polychromatophilia, rare stippling and no normoblasts The tem- 
perature, pulse and respiration were normal 

The patient remained in the hospital eleven days before he died During 
this time, the temperature ranged between 964 and 988 F, averaging about 
97 6 The pulse varied between 80 and 90, the respirations between 16 and 20 
During his stay he complained of no pain or discomfort, and he increased in 
weight from 43 2 to 440 kg On the day before his death, physical exam- 
ination revealed the development of a few small red spots about the size 
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of a dime near the tip of the tongue, which the patient stated had become 
rather painful The heart was slow and regular The lungs were clear save 
for a few rales at both bases posteriorly The abdomen was tj'mpanitic through- 
out, not distended and very slight!} tender on pressure No masses were felt 
The liver and spleen were not palpable Mentally, the patient was clear 
and alert 

At 3 30, the following morning he was unable to talk, eyes wide open, 
respirations rapid, pulse weak At S o’clock, the heart was absolutely irregular 
both in force and rhythm, with an apex rate of 120 Respiration continued to 
be rapid but regular The lungs were full of coarse rales The patient soon 
lost consciousness, and died at 7 10 a m , evidently from cardiac failure 

Neciopsy Fmdings — Necrops}' was performed six hours postmortem b> Dr 
E W Goodpasture It was restricted to the abdomen On abdominal incision, 
the complete disappearance of subcutaneous and intra-abdominal fat was evi- 
dent There was no excess of fluid The peritoneal surfaces were smooth and 
normal The most striking feature was the enlargement of the mesenteric 
Ijmph nodes 

The liver appeared normal The capsule, which was smooth, was a dark, 
purplish brown The weight of the liver was 1,050 gm The biliary passages 
were normal Microscopical!}, the beam-work of liver cells appeared rather 
thin, and showed some increase of mononuclear cells in the sinusoids 

The spleen was small, weighing 70 gm On section, the blood vessels and 
fibrous tissue trabeculae were ver} prominent, whereas, the splenic follicles 
were small 

The esophagus and stomach were normal, except for slight injection of 
the blood vessels of the gastric mucosa Beginning at the duodenum and 
extending to the ileocecal valve, numerous granules were to be seen over the 
entire surface, appearing as minute elevated grayish dots about 1 mm in 
diameter, projecting above the surface In every respect, they gave the appear- 
ance of solitary lymph follicles They were, however, far more numerous than 
the normal No Peyer’s patches were noted, but, especially in the upper 
portion of the bowel, from ten to twelve of these small granules were irregu- 
lar!} grouped at intervals These groups did not closely resemble Peyer’s 
patches The contents of the small intestine consisted of a small amount of 
yellowish mucoid material 

Numerous sections of the small intestine were examined microscopicall} 
All showed a thin, loose edematous submucosa with dilated vessels beneath 
the l}mphatics and veins In places, the edema was more or less circum- 
scribed, forming slightl} elevated nodules The mucous membrane was thin 
and somewhat atrophic All the follicles were large, and the villi short, with 
many hmphoid cells in the interglandular tissue There was, how'ever, no 
leukoc}tic infiltration 

All the mesenteric l}mph nodes w’ere considerabl} enlarged Grossly, they 
gave the appearance of h}perplasia, being gray, semitranslucent, and uniform 
on cut section The lymphatics, though v'lsible were not prominent The 
Emphatic enlargement was confined to the small intestine and to the mesenteric 
hmph nodes, the glands elsewhere appearing normal There was no evidence 
at necropsy of superficial glandular enlargement or of hyperplasia of the 
lymphatic elements of the spleen All the mesenteric lymph nodes examined 
microscopicallv' were in a high degree edematous with dilated sinuses and a 
prominent reticulum The peripheral sinuses of the nodes were small The 
l}mphoid tissue was abundant Solid masses of lymphoid cells filled the 
centers corresponding to the follicles About these, the cells in the reticulum 
were rather closely packed There were no dilated lymphatics m the sur- 
rounding nodular lymphatic tissue, and no germinal centers were evident 

The large intestine was greatl} distended with gas and soft, pasty, sticky 
fecal material, which, from its pale, gray color, was apparently verv fattv 
The mucosa of the large bowel was normal, without lymphatic hyperplasia 

The kidneys save for slight congestion and the presence of pin-point yel- 
lowish, opaque dots, were normal macroscopically and microscopically 
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The bladder, seminal vesicles and prostate were likewise normal 

Pathologic Diagnosis — Emaciation, hyperplasia of the lymphatics of the 
small intestine and mesenteric glands, atrophy of the liver and spleen, con- 
gestion of the kidney and Meckel’s diverticulum were diagnosed 

Case 2 — Htstoiy — M R R, a woman, aged 44, unmarried, who had alwajs 
lived m New England, entered the hospital, Feb 16, 1917, complaining of 
abscesses of the feet, ulcers of the cornea, and constipation followed by 
diarrhea 

The family history showed that her father had died at 74 of angina, while 
her mother was still living at 80 There was no family history of cancer, 
diabetes, tuberculosis or hemophilia Several members of the family were said 
to have suffered from gout The personal habits were good 

The patient had usually enjoyed good health She had had measles twice, 
chickenpox, whooping cough, a light attack of influenza and occasional sore 
throats There had been no known exposure to tuberculosis She had sustained 
no injuries, nor had she undergone any operations The appetite was fair 
There was habitual constipation Catamenia was established at 15, recurring 
irregularly every three weeks and lasting three or four days At the age of 
24, following a fall into the water, she experienced a cessation of her periods, 
and there had been no subsequent flow' There had been no incidents indicative 
of nervous derangement 

The best weight had been 125 pounds (56 8 kg ) , the weight, one and a half 
years previous to admission, was 85 pounds (39 6 kg), and on admission, 71 
pounds (32 2 kg ) 

The present illness dated from two years previous to admission, w'hen the 
patient noted that the ankles were slightly swollen and that she was losing her 
customary vigor She was not incapacitated Swelling of the feet and ankles 
gradually became so pronounced that she consulted her physician, who could find 
nothing definitely accountable for the edema One year previous to entrance, 
the swelling diminished, only to recur eight months previous to entry Four 
months previously, an abscess appeared on the anterior surface of the right 
ankle, followed by a similar one on the dorsum of the left foot, and, a few weeks 
later, by a small abscess just below the left knee All of these were incised, but 
failed to heal satisfactorilv One week before admission, the eyes seemed some- 
W'hat blurred and watery On examination, a corneal ulcer was found, and 
ointment and hot compresses were prescribed She had experienced no pain 
whatsoever The bowels had moi cd somew'hat more freely than usual, follow'ing 
the administration of cathartics by her physician, but the movements were not 
w'atery 

Physical Exammatiou — The patient was a small extremely emaciated, 
middle-aged woman She was mentally clear The skin was pale, smooth, drj 
and somewhat inelastic, this inelasticity being due in part to the practical 
absence of subcutaneous fat The face, with prominent malar eminences and 
temples and sunken cheeks, presented a cadaverous appearance Just to the 
mesial side of the center of the right eye was a corneal ulcer the size of a 
pinhead There was a moderate degree of photophobia and lachrymation No 
edema of the lower lids was evident The lips weie of normal red color, the 
teeth m excellent condition The tongue, which was clean, smooth and glossy, 
protruded in the midline, with a moderately coarse tremor The thorax was 
symmetrical, flat and emaciated m the extreme, with the clavicles extending high 
above the surrounding tissues The apex impulse could be neither seen nor felt 
The right cardiac border measured 4 5 cm , the left, 10 cm , from the midsternal 
line The first sound was distant, feeble, dull and muffled, the second, rather 
loud and ringing The radial pulses were equal, regular and synchronous The 
vessel walls were palpable but not sclerosed The systolic blood pressure was 
114, the diastolic, 80 The lungs were normal The abdomen was level and 
symmetrical, but was held so tensely as to make satisfactorv palpation impossible 
The vessels of the abdominal wall were moderatelv dilated, but not sufficiently 
so to indicate compensatory circulation The liver, gallbladder, spleen and 
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kidneys were not palpable The lymph glands, with the exception of one small, 
shotty nodule on the left sternocleidomastoid muscle, were not palpable All 
the bones seemed essentially normal 

The arms were markedly emaciated, but the nails showed no trophic dis- 
turbances There were no tremors, involuntary athetoid or choreiform move- 
ments The fingers were not clubbed The radial periosteal, biceps and triceps 
jerks were active and readily elicited The skin over the backs of the hands 
and over both elbows was reddened, thickened and blotchy 

The legs, feet and ankles were moderately edematous, pitting readily on 
pressure On the anterior aspect of both external malleoli were two ulcers, 
0 5 cm in diameter, shallow in type, with clean, overhanging edges A smaller 
ulcer was to be seen over the left infrapatellar ligament These ulcers were 
discharging a slight amount of yellow pus Both feet were practically the 
temperature of the room, the coldness extending upward to about two hands’ 
breadth above the ankles The reflexes were normal Although on admission 
the patient’s temperature was 97 8 F , during the evening, per rectum, it was 
no higher than 94 0 F The pulse was 82, respiration, 20 The patient was seen 
bj^ an eye consultant on the dav folowmg admission He stated that the corneal 
ulcer was superficial, and due, probably, to general nutritional disturbance 

Laboratory Findings — The urine was acid and clear, with a specific gravity 
of 1 018 It contained no albumin or sugar The sediment showed a few leuko- 
cytes and occasional epithelial cells The hemoglobin content of the blood was 
75 per cent , the average of four red cell determinations was 3,000,000 Although 
the color index was -f- 1, the smear showed none of the characteristics of 
pernicious anemia The white blood cells numbered 4,000 per cubic millimeter 
Two stools w'ere acid, yellow and watery, with much apparent mucus, but no 
evident blood The benzidm test w'as moderately positne No parasites or ova 
were evident on microscopic examination 

Com sc — The morning of the second day, the patient, w'ho had been bright, 
became dull and stuporous, with a pulse rate which had dropped to 44 per 
minute Atropin was administered subcutaneously By early afternoon, she 
was herself again, sitting up in bed, talking and joking The heart rate had 
risen to 65 On the afternoon following the attack, the carbon dioxid in the 
alveolar air measured 24 mm of mercurj, but no acetone or diacetic acid was 
found in the urine The patient w’as clear mentally, and recalled her condition 
of the earlier part of the day, she “could not understand why she had been 
so sleepy” 

The third day following admission, she aw'oke at 5 a m , and began to talk 
irrationally The heart rate w’as 41, blood pressure, systolic, 86, diastolic, 64 
Mouth, axillary, and rectal temperatures taken practically simultaneously 
showed a continuation of the low temperature of the previous day, namely, 
890, 89 0, and 908 F, respectively In order to obtain these temperatures, a 
special clinical thermometer was necessary During the morning, the patient 
continued to be irrational By 11 a m, the heart rate had gradually risen to 88 

At noon, the patient was found in wdiat appeared to be typical tetany, rigid, 
with feet very markedly extended and hands flexed, the thumb turned in on 
the palm, and the fingers tapering to a common point There were no convulsive 
movements of the face, sa\e at the onset of the tetanic symptoms, when the 
nurse noted convulsive twitchings of the left side of the face 

Electrocardiographic tracings showed Lead 1 to be nearly iso-electric, and 
the rate slow, with definite sinus arrhythmia The condition of tetany per- 
sisted , respiration became much quieter, and ceased at 3 15 a m 

Necropsy Findings — Necropsy wms performed eighteen hours postmortem by 
Dr S B Marlow On primary incision, the tissues were found to be markedly 
atrophied, containing no evident fat The abdominal wmll was extremely thin, 
the rectus abdominus muscles appearing as thin, tense bands 

The abdominal cavity contained 500 c c of a milky, white fluid The entire 
peritoneum was pale and watery 
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On removal of the sternum, the lungs were found moderately collapsed and 
wholly free from adhesions The pleurae were everywhere smooth and shiny 
The right lung was somewhat firmer than the left The anterior surface of the 
right lung was pale and puffed out, the alveoli in these puffy areas being dilated 
and filled with air, which was easily expressed, leaving the lung collapsed At 
the base of the right lung, there was an irregular, depressed scar, which on 
section was fibrous and tough In the center, about 1 cm below the surface, was 
a caseous nodule 5 mm m si7e At the apex of the left lung, there was a 
similar irregular, depressed scar, above which there were grayish yellow dots 
Section through the lung at this point showed it to be firmer than normal 
Section of the posterior portion of the left lung revealed a deep red, homo- 
geneous surface It was quite firm and inelastic, containing practically no air 
There were, however, no areas of consolidation Lobules of the lower lobe stood 
out distinctly, demarcated by milky white lines The lower lobe of the right 
lung was similar to that of the left Sections showed practically all the alveoli 
filled with red blood cells and fibrin There was a moderate number of poly- 
morphonuclear leukocytes scattered generally throughout the lung Some of the 
alveoli seemed almost filled with these cells 

The heart was unusually small weighing 130 gm The loosely adherent 
epicardium had a watery, translucent appearance No fat was anywhere visible 
The vessels stood out prominently Numerous white streaks were seen in the 
epicardium, following the larger vessels, evidently lymphatics The endo- 
cardium was everywhere smooth and pink, and heavily streaked with gray 
The valves were normal The papillary muscles were much flattened and 
atrophied On section, the myocardium appeared a homogeneous brown Micro- 
scopic examination revealed small muscle cells, the muscle bands being separated 
by edema The interstices contained numerous vesicular bodies, and the nuclei 
of the cells were surrounded by considerable pigment 

The stomach was normally situated, contracted and of a normal external 
appearance On section, it was found to contain much mucous material The 
mucosa, which was thickened and markedly edematous, was seen microscopically 
to have undergone considerable postmortem change, with numerous fairly well 
preserved parietal cells still present The chief cells were for the most part 
desquamated and disintegrated, but numerous round and plasma cells were 
found 

The intestines were light yellow, especially in the upper portion, where 
numerous yellow patches from 1 to 3 mm in diameter were to be seen scattered 
diffusely through the wall Those patches lying opposite the attachment of the 
mesentery seemed distinctly paler in color Microscopically, the mucous mem- 
brane had undergone considerable postmortem change, with almost complete 
desquamation of the cells lining the villi The loose connective tissue m the 
submucosa just beneath the muscularis contained numerous large mononuclear 
cells, and multmucleated giant cells containing a finely vacuolated cytoplasm 
These cells apparently contained fat The colon was small, the esophagus 
normal 

The liver was small, weighing 560 gm Projecting from the lower edge of 
the right lobe was a typical Riedel’s lobe Above it, the liver capsule was 
thickened and fibrous The liver capsule was firm and somwhat difficult to cut 
On section, the surface was a homogeneous grayish brown, with distinct lobules, 
whose centers were a deeper color than the portal areas On microscopic 
examination, the cell columns of one-half the lobule were atrophied, the cells 
being loaded with fine golden pigment granules Because of atrophy of the 
cytoplasm, the nuclei, which were smaller and more deeply staining than the 
normal, appeared very numerous The gallbladder was normal and free from 
adhesions 

The pancreas was a watery yellow, but normal in size and position The 
cut surface was granular and yellow, but without any evident connective tissue 
increase The pancreatic and acinar cells contained no zymogen, microscopic- 
ally, but otherwise the pancreas appeared normal 
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Physical EAavwiatioii —The patient was extremely emaciated He lay com- 
fortably in bed, mentally alert and cheerful His features were sunken, with 
prominent bony eminences, wdiich gave him a strikingly cadaverous expression 
The skin was of normal color, dry, flabby and smooth It had lost its elasticity, 
so that when pinched it retained its position for aperceptible interval before 
spontaneously resuming its former flatness This property made it doughy to 
the touch The lips and mucous membranes were moderately pale The 
lungs and cardiovascular system vere normal The systolic blood pressure was 
90, the diastolic, 70 The abdomen was slightly rounded, doughy, asymmetrical, 
with a definite tympanitic prominence to the left of the umbilicus The scar of 
the old right rectus incision -was evidently the result of healing by primary 
intention There were no signs of fluid, and no abnormal masses, spasm 
or tenderness Visible peristalsis was definite No lymphatic enlargement could 
be demonstrated Except for marked emaciation, the extremities were negative 
Proctoscopic, rectal and ophthalmoscopic examinations were negative The 
blood Wassermann reaction was negative 

The patient’s temperature ranged from 97 to 99 F , averaging about 
972 F The pulse rate averaged about 70 per minute during the first few days, 
gradually rising toward the end to about 90 The respirations remained at 
about 20 per minute 

Laboiatoiy Findings — A.11 of the fourteen stools examined were light yellow, 
and contained no parasites or ova, no fatty acid cry'stals, no gross or occult 
blood and no mucus The number of bowel movements ranged from one to three 
a day, although on three occasions there were as many as five 

The hemoglobin content of the blood was 60 per cent , the red cell count, 
2 050,000 per cubic millimeter The vvhite cells numbered 3,800 on admission 
The polymorphonuclear cells were 45 per cent of the total, the lymphocytes, 
35 per cent, the large mononuclears (transitionals) 20 per cent Many macro- 
cytes were seen Some red blood cells showed marked achromia, others, none 
Four normoblasts w'ere found On three successive occasions during the 
patient’s twenty-five day stay m the hospital before death, the yvhite count 
varied from 4,000 to 5,400 per cubic millimeter The hemoglobin (by Sahli’s 
test) averaged 66 per cent and the red blood cells averaged 2,500,000 per cubic 
millimeter 

The urine was always light yellow, with the slightest possible trace of 
albumin, but no casts, and only a few white cells On three occasions, it was 
acid, on one occasion, alkaline 

Two examinations of phlegm which the patient raised on two different occa- 
sions w^ere negative for tubercle bacilli 

On the fifth day in the hospital, gastric analysis, performed after an Ewald 
test meal, showed the absence of free hy'drochloric acid in all specimens, and a 
total acidity ranging between sixteen and thirty-six The fasting contents con- 
sisted of 20 c c of turbid, mucoid, slightly greenish fluid, containing micro- 
scopically many interwoven fungus filaments There was no gross or occult 
blood 

Roentgen-ray examination of the chest showed normal diaphragm, heart and 
aorta The lung fields were unusually clear The ribs exhibited no evidence 
of any abnormality 

A barium sulphate enema showed the outline of the large intestine to be 
smooth everywhere, with fewer haustra than usual All parts of the large 
intestine appeared to be dilated, the capacity being more than 6 quarts (about 
6 liters) 

Roentgen-ray study of the esophagus, stomach and small bowel revealed no 
evidence of any pathologic process 

An examination of the duodenal contents showed the proteolytic and 
amylolytic ferments to be well within normal limits , whereas, the lipolydic 
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enzyme titer was 06 of normal The method used was that of McClure, Wet- 
more, and Reynolds ^ 

Conise — During the first few weeks of the patient’s stay in the hospital, 
the clinical course was uneventful He did, however, complain of dryness of 
the tongue, and experienced some difficulty in eating sufficient food to satisfy 
his caloric requirements For the first week, he maintained his admission weight 
of 37 kg, but during the second week, he lost 1 kg 

On the eighteenth day in hospital, the arms felt stiff and numb , on observa- 
tion, the arms and hands were found in the typical position of tetany The feet 
showed no changes, but there was a positive Chvostek sign The patient com- 
plained of no pain He stated that he had observed exactly similar phenomena 
one month before entering Peter Bent Brigham Hospital, the condition lasting 
at that time two hours By noon, the hands and arms relaxed, and a positive 
Trousseau sign was readily obtained The blood carbon dioxid was 14 3 mm 
of mercury, the blood calcium, 5 3 mg per hundred cubic centimeters, the 
inorganic phosphate content, 2 6 mg per hundred cubic centimeters The urine 
contained no acetone or diacetic acid 



Fig 2 (Case 3) —Gross appearance of duodenal mucosa, showing numerous 
granules due to phagocytes in the submucosa containing fat droplets 

The patient did not exhibit any return of the active signs of tetany, 
although Trousseau’s sign could always be elicited Six days later, on the 24th 
day, the cathodal closure contraction was obtained with 2 milliamperes, the 
cathodal opening contraction with 2 5 milliamperes, the anodal closure contrac- 
tion with 2 25 milliamperes, and the anodal opening contraction with 2 25 inilh- 
amperes The apparatus tested on three normal individuals gave the cathodal 
closing contraction with 6, 10 and 5 milliamperes, respectively Despite the 
use of various diets and medications to combat the steady loss of weight, the 
patient became gradually more and more emaciated In view of his precarious 
condition, on the 24th day of his stay, 500 c c of 10 per cent glucose was given 
intravenously It was hoped that, by repeated injections, from one third to 
one half of the caloric requirements could be introduced He seemed to take it 
well, as he made no complaint and his pulse, respiration and temperature were 
found at half hourly intervals to be normal 

Suddenly, however, about one hour after the injection, he complained of 
numbness and coldness of the hands and feet, the respiration and pulse mounted 


1 McClure, C W , Wetmore, A S and Reynolds, L New Methods for 
Estimating Enzymatic Activities of Duodenal Contents of Normal Man Arch 
Int Med 27 706 (June) 1921 
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The spleen, which was small, weighed 30 gm Its consistencj was firm On 
section the capsule was inarkediv thickened, the trabeculae prominent, and the 
malpighian bodies and blood \essels numerous There was e\identlj httle 
pulp tissue remaining 

The mesentery contained numerous niilkj dilated Ijmphatics but practically 
no fat The lymph nodes w'ere soft, cheesj and enlarged, about the size of a pea 

The kidneys were unusually small and were embedded in a capsule which 
wms loose and edematous The right kidnej w'Cighed 80 gm , the left 60 gm 
The capsule stripped w'lth moderate difficulty, leaving a smooth pinkish yellow 
surface, in which fetal lobulations were pronounced The cortex measured 
5 mm The striations w'cre regular, and the glomerulae discernible The 
pyramids looked normal Microscopically, the glomerular spaces and kidney 
tubules were dilated, and filled with pink staining granular lesicular bodies 
The picture was that of edema of the kidney* 

The pelvic organs w'ere small, fibrous and senile in type, without evident 
abnormalities The ovary was mieroscopiealh normal 

The parathyroids were carefully dissected out and found to be normal in 
appearance Likewise the thyroid and suprarenals presented no apparent 
abnormalities 

The thoracic duct was carefully explored and found to be free from obstruc- 
tion anywhere in its course It contained no fluid 

The bone marrow' was a clear translucent yellow, c\ idently' consisting 
chiefly of fat 

The pathologic diagnoses were brown atropln of the heart, Riedel's lobe of 
the liver, hypostatic congestion of the lungs, chylous ascites, emaciation, atrophy 
of the spleen, bronchopneumonia and fat retention in the intestine 

C\SE 3 Histoiy —~¥ W G, married, a clerk, aged 32, entered Peter Bent 
Brigham Hospital, May IS, 1922, complaining of diarrhea and loss of weight 
His family', marital and occupational histones were not significant His habits 
were good He had lived in Boston for about twenty' lears, after w'hich he had 
spent one year in the South, East and West, before finally settling in the 
Middle West He had not been in the South for about twehe years He had 
had measles in early childhood, and scarlet fe^er at 10 Otherwise, his health 
had ahvays been excellent The bowels had ahvays mo%ed once daily', the 
appetite had always been excellent, and he had nc\er suffered from gas, hema- 
temesis, distress, colic, icterus or abnormal stools prcMous to the onset of his 
illness 

The patient considered himself perfectU well until sixteen and a half months 
previous to admission, w'hen, without evident cause, he developed a painless 
diarrhea, with from six to eight loose, watery' stools daily, without blood or 
mucus One year previous to entr\ roentgenograms were taken of the gastro- 
intestinal tract and the patient w'as told by his local physician that the diarrhea 
w'as due to the appendix, w'hich pressed against the stomach His diarrhea con- 
tinued, unaccompanied bv anv other gastro-intestinal SMnptoms , he lost 40 
pounds (18 kg ) m weight, became worried and finalh went to a hospital, 
asking to have the appendix removed At operation, eleven months previous to 
his entry' at Peter Bent Brigham Hospital, the appendix and the other abdominal 
organs were considered normal He remained in the hospital ten day's, and 
the wound healed by primary intention, but diarrhea persisted, and weakness 
inc^ased For the first time, he began to vomit practically' everything he ate 

He attempted various forms of dietetic treatment without success, stay'ing 
in one hospital as long as sev'en weeks While there, he dev'eloped a single small 
ulcer on his tongue which persisted for one month and the condition was 
diagnosed as sprue 

Eight months before admission to Peter Bent Brigham Hospital, he returned 
home weighing 85 pounds (39 6 kg), a loss m eight and a half months of 85 
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pounds , that is, a reduction to one half his original body weight On returning 
home, the vomiting ceased, although the diarrhea persisted The patient ate 
heartily, and within two months regained 41 pounds (18 6 kg) Five months 
before entry, he was impelled to consult another physician, who put him on a 
diet of 3 quarts (about 3 liters) of heated milk and three eggs dailv To this 
diet, lamb, steak, bread, etc , were gradually added In three weeks, the number 



Figl (Case 3) —Extreme emaciation several days before death 


of stools was reduced to about three a day, and these assumed a semisolid 
character He continued to lose weight slowly, however, and therefore came 
to Boston, two weeks previous to admission His stools averaged three or four 
daily, becoming slightly looser His appetite, which, throughout his entire ill- 
ness ’had been remarkably good, failed him, and he decided to enter the 
hospital 
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to 40 and 120, respectively, and the face assumed an anxious expression Believ- 
ing that the introduction of a hypertonic solution had possibly resulted in an 
anhydremia, intravenous and subpectoral saline solution to the amount of 
1,800 cc was given, without influencing the progress of the patient’s condition 
Befort allowing the saline to flow, a few cubic centimeters of blood was with- 
drawn The blood carbon dioxid combining power was found to be 14 3 mm 
of mercury Respiration became labored and occasionally hyperpneic The 
abdomen was held stiffly, tracheal rales developed, and, at 12 30 a m , the 
patient died 

Necjopsy Findings — Necropsy was performed nine hours postmortem, by Dr 
W S Quinlan The primary incision showed an absence of subcutaneous fat 
The muscles were pale and atrophic The peritoneal cavity contained no free 
fluid, but the intestines were lubricated by a clear, viscous fluid, which on stain- 
ing showed many endothelial and a few polymorphonuclear leukocytes There 
were no adhesions The mesenteric lymph nodes were markedly enlarged, 
varying m size from 0 5 to 1 S cm 

The pleural and pericardial cavities appeared normal The heart was small, 
weighing but 180 gm All the chambers, valves and chordae tendinae were of 
normal appearance, save that the myocardium w'as pale and soft, giving the 
impression of an atrophy with edema This impression w'as substantiated 
microscopically The spleen weighed 80 gm It showed moderate w'nnkling of 
the surface, but otherwise appeared normal 

Both grossly and microscopically, the stomach and duodenum were normal 
The surface of the jejunum was pink and w'as everywvhere covered by grayish 
punctate that varied in size from a pinpoint to 1 mm m diameter These minute 
elevations simulating distended lacteals on a pinkish background gave a “furred 
tongue” appearance to the surface In places, the gray granules were com- 
pactly arranged, forming spindle-shaped depressed areas similar to Peyer’s 
patches in appearance, except that thev extended along the long axis of the 
intestine opposite the mesenteric attachment to a point much higher than is 
ordinarily seen, and were larger m size, measuring 1 by 8 cm Several sections, 
examined microscopically, show'ed dilated vessels and phagocytes m the sub- 
mucosa filled with fat droplets Over the lower 100 cm of the jejunum, many 
roughly circular ulcers w'ere seen, varying in size from 0 5 to 2 cm The edges 
of the ulcers w’ere well defined slightly thickened and beaded with pinpoint 
grayish elevations The floor of the ulcers was black, smooth and glistening, 
giving the appearance of being covered with mucous membrane None of the 
ulcers seemed active 

The cecum was distended to about twice its normal size The mucosa was 
dull gray, with a few solitary follicles scattered over the slightly thinned wall 
The entire surface was coated w'lth a layer of mucous approximately 0 5 cm 
in thickness Section through the wall of the intestine showed moderate thick- 
ening Microscopically, the glands were distended with mucus, m places being 
sufficient marked to have caused actual atrophy of the epithelial cells lining 
the gland 

The pancreas, liver, gallbladder, suprarcnals and genitalia exhibited no 
abnormalities The left kidney was normal, the right presented a “V” shaped 
area of scarring, 1 cm in diameter, evidently an old healed infarct 

The right lung appeared normal, but on section a calcified, nodular mass 
about 1 5 cm in diameter presented itself, surrounded by gray% fibrous tissue 
The left lung was likewise normal save for an area of scarring at the apex 
which measured 2 5 by 3 cm Macroscopically and microscopically, the picture 
was that of healed pulmonary' tuberculosis The larynx, pharynx, tongue and 
thyroid presented no abnormalities The brain, dural sinuses, accessory nasal 
sinuses, middle ears and pituitary were likewise normal 

The mesenteric ly'mph nodes were definitely enlarged and showed evidence 
microscopically? of chronic lymph adenitis and hyperplasia 



BLUMGART— MALABSORPTION OF FAT 


125 


COMMENT 

These cases, presenting such hazy clinical outlines, evoked consid- 
erable interest and speculation The asthenia, the gastro-intestmal dis- 
turbances and the anemia suggested Addison’s disease However, the 
asthenia was not in any case a primary symptom Vascular asthenia, 
as reflected in the blood pressure, did not occur In only one case was 
there any disturbance of pigmentation, and in that instance the condi- 
tion was one of vitiligo rather than chloasma Finally, the absence of 
active tuberculosis at necropsy and the presence of apparently normal 
suprarenal glands justify the exclusion of this possibility 

The anemia, with a high color index, the gastro-intestmal symp- 
toms, the pallor, the gastric anaciditj^ and the asthenia were in accord 
with the diagnosis of pernicious anemia The absence of the charac- 
teristic blood picture, the marked loss of subcutaneous fat, and the 
postmortem findings made such a diagnosis untenable 

The presence of prolonged diarrhea suggested a bacillary dysentery 
and the colitis group of cases The character of the stools, however, 
and the postmortem distribution of the lesions in the small intestine 
rather than in the large bowel, are not in accord with any of these 
diagnoses 

These cases, particularly the last one, possessed some of the charac- 
teristics of sprue In the last case, the existence at one time of an 
ulcer of the tongue, the occurrence of an increased number of fatty 
stools, the anemia, the extreme wasting and the tendency to remission 
favored this diagnosis 

Other features did not lend themselves to this conception of the 
disease 1 The last patient had never visited any endemic center He 
had spent one year in the South, where sprue, though very rare, does 
occur , but this visit had taken place about eleven years previous to the 
onset of the symptoms , and a latent period of eleven years is difficult 
to accept 

2 The characteristic tongue lesions were absent One year pre- 
vious to the time he came under our observation, the patient had had 
a small ulcer on the tongue, lasting about one month During the sub- 
sequent course of the disease, when the degree of activity of the condi- 
tion should have become greatly increased, no lesions appeared On 
the contrary, the patient, when questioned, did not complain of the 
slightest soreness of the tongue or buccal mucosa 

3 The stools were not characteristic They were not “enormous, 
fermented, whitish or grayish pultaceous stools, very acid in reaction, 
and often yeasty in odor, and foamy ” “ 


2 Ashford Oxford Loose Leaf Medicine 5 631 
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4 The postmortem findings were not those which have been 
described as typical of sprue There was no eftacement of the crypts 
of Lieberkuhn, no deformation of the tubules, no small mucous cysts, 
no atrophy of the muscle laj er of the small intestine, no great thinning 
of the intestine, and no typical bottle-shaped ulcerations Moreover, 
It IS of some sigmficance that, whereas the most intense changes in 
sprue occur in the duodenum and jejunum, the most marked postmor- 
tem changes in this case nere referable to the ileum Finally, no organ- 
isms, such as have been described by Ashford, were found 

It would seem that a definite clinical and pathologic syndrome wuth 
such an intangible etiologic liackground must have been previously rec- 
ognized Nevertheless, search of the literature has unco\ered only one 
analogous case, repoited b\ G H Whipple^ This case ivas charac- 
terized clinically by a gradual loss of weight and strength, stools con- 
sisting chiefly of neutral fat and fatty acids , indefinite abdominal signs, 
and a peculiar multiple arthritis Considerable actone w^as found in 
the urine before death The red blood cells a\eraged 2,000,000, the 
hemoglobins 53 per cent Pathologically, the lesions of interest w^ere 
found m the intestines and the Ijmphatics of drainage The intestinal 
mucosa show^ed vilh enlarged from deposits of masses of neutral fats 
and fatty acids in the hmph spaces, and an infiltration of the inter- 
glandular tissue by large mononuclear and pol) nuclear giant cells The 
glands show^ed a similar deposition of fatty substances and a similar 
inflammatoiy- infiltration 

In the occurrence of fatt} stools, great loss of weight and strength, 
enlarged mesenteric lymph nodes containing fatty substances, tetanj (in 
twm), a terminal condition of acidosis (in two), and otherwuse essen- 
tially normal postmortem findings, the cases here described are similar 
On the other hand, none of the cases here described was characterized 
by arthritis, eosinophilia, fever, purpura or enlarged intestinal m11i, as 
found in \V hippies case In all essential characteristics these all seem 
to belong definite^ to one disease group 

Many features of the disease excited considerable interest, par- 
ticularly the appearance of tetany m tw^o of the cases The low'’ blood 
calcium is in accord wnth the findings of Howdand and Marriott ■* in chil- 
dren They found a uniforml}'’ low blood calcium, averaging 5 mg 
per hundred cubic centimeters in tetanj , and in no other convulsn e dis- 
orders The abatement of the s}mptoms in the last case after calcium 
lactate w^as given by mouth is hkewuse similar to their experience The 

3 Whipple, G H A Hitherto Undescnbed Disease Characterized Anatom- 
icalh' by Deposits of Fat and FatU Acids in the Intestinal and Mesenteric 
Ljmphatic Tissues, Bull Johns Hopkins Hosp 18 382 (Sept) 1907 

4 Howland,! and Marriott W M Quart T Med 11 289 (Tub) 1918 
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normal phosphate content of the blood in the third case is also in accord 
with the fieqiient findings in the tetany of children"’ 

It would seem that the occmience of tetany in two out of our three 
cases must be of moie than passing significance, in view of the fact 
that thousands of instances of moie seveie acidosis constantly occur 
without producing such symptoms The exact importance of the Ion 
calcium IS not cleai, foi in the acidosis of nephiitis the calcium is fie- 
quentl} i educed far moie without the pioduction of tetany, although 
the possibiht} of the occmience of the lattei is demonstrated by a 
1 ecent instance in this hospital 

Tetam in adults, although unusual, is by no means rare In this 
connection, the lepoits by Bassett Smith,® and by Barach and Muiray ‘ 
of two such cases associated with the gasti o-intestinal disturbances of 
sprue, IS inteiesting The blood calcium m the latter case was 6 5 mg 
pel bundled cubic cenlimeteis, the plasma caibon dioxid 57 6 per cent 
by volume The lattei authois piesent the inteiesting speculation that 
since the absoiption of calcium is efiected in combination with fatty 
acids, and since the absoiption of the lattei vehicle is faulty in spiue, 
the low blood calcium is not altogethei surpiising 
i Findlay and Shaipe*" found a diminished absorption of fat in cases 
of adult tetan\, but absolutely no deficiency in the ability to split fat 
These lesults aie similai to the obsenations made in Case 2 

The acidosis m two of the three cases here reported must have been 
refeiable dnectly to the malnutiition, and not to any nephiitic factor, 
such as has been observed by Mariiott and Howland in the acidosis of 
marasmus in children® The noimal nitrogenous constituents of the 
blood, the normal urinaiy findings, the noimal phenolsulphonephthalein 
excretion, exclude an} serious impairment of lenal function 

In Mew of the maiked undernutrition, the low temperature and the 
necessaiil}- increased body suiface in relation to the body weight, the 
metabolic rate in the third case was highei than has been expected The 
marked secondary anemia may have been a stimulating factor , for it has 
been shown that the metabolic late in secondary anemia tends to be 
inci eased, and it can be shown to fall aftei tiansfiision 

5 Kramer, B , Tisdall, F F, and Howland, T Observations on Infantile 
Tetany, Am J Dis Child 22 431 (No\ ) 1921 

6 Smith, Bassett Case of Sprue Associated with Tetany, Lancet 1 178 
(Feb) 1919 

7 Barach, A L ,and Murray, H A, Ti Tetany m Case of Sprue, J A 
M A 74 786 (March 20) 1920 

8 Findlay, L, and Sharpe, J S Adult Tetany and Methylguamdin a 
Metabolic Study, Quart J Med 13 433 (July) 1920 

9 Marriott, W M , and Howland, J Phosphate Retention, Arch Int Med 
18 708 (Nov ) 1916 

10 Tompkins, E H , Bnttingham, H H , and Drinker, C K Basal Metab- 
olism m Anemia, with Especial Reference to the Effect of Blood Transfusion 
on the Basal Metabolism m Pernicious Anemia Arch Int Med 23 441 (April) 
1919 
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The exact significance of the megacolon in the third case is uncer- 
tain Whether the condition was congenital or merely consequent to 
the atony of the intestinal musculature, it is impossible to state The 
megacolon, the hypermotihty, the dryness of the skin, raised the ques- 
tion whether a disturbance of the water metabolism was playing an 
important role Certain features were not in accord with this con- 
ception The urinary output was always maintained at a satisfactory 
level To be sure, in certain diseased states, notably diabetes insipidus, 
desiccation of the tissues ma> exist coincidentally with a high urinary 
output Pituitary extract in small doses was given to the third patient 
in an attempt to favor fluid retention in the tissues, but without any 
influence on the clinical course If one may assume that the same 
physiologic factors operate in adults that Marriott has shown exist in 
children, the presence of an anhydremia in these cases is extremely 
improbable In the first place, an anhydremia is accompanied by 
desiccation of the blood and profound renal damage Schloss par- 
ticularly has shown that the degree of desiccation of the blood is 
proportionate to the degree of renal damage As previously stated, 
there was no evidence either during life or postmortem to indicate any 
serious impairment of renal function 

SUMMARY 

Three cases are presented, which, because of certain features they 
share in common, suggest a possible clinical entity The disease tended 
to occur in early middle life, with insidious onset, gradual downward 
progression over a period of one and a half to two years, finally termi- 
nating in death The presenting symptoms were weakness, emaciation, 
on the average of three soft, semisolid, yellow bowel movements daily, 
with an excess of fat Acidosis and tetany were noted in two cases 
In the two cases tested, there was an absence of free hydrochloric 
acid in the gastric contents Examination of the blood showed a 
secondary anemia of 2,500,000 to 3,000,000 per cubic millimeter, a 
color index of approximately 1, but no other indications of primary 
anemia All of the special studies and tests were essentially negative 

Pathologically, the significant changes were confined to the intestines 
and to the mesenteric lymph nodes In all three necropsies, only inci- 
dental changes were found elsewhere The small intestine showed small 
granular elevations of the mucosa, usually gray in appearance Micro- 
scopically, these elevations were found to consist of phagocytes con- 
taining ingested fat The phagocytes were large and mononuclear, 
and contained a foamy reticulated cytoplasm The mesenteric lymph 
nodes were noticeably enlarged and hyperplastic, and contained similar 
phagocytes, with ingested fat 



CHYLOUS AND PSEUDOCHYLOUS EFFUSIONS 

A REPORT OF SEVEN CASES * 

M A BLANKENHORN, MD 

CLEVELAND 

The purpose of this paper is to describe some unusual observations 
and discuss the probable cause of milky effusion m each case here 
recorded Up to 1910, 242 cases had been reported, as shown in a 
summary by Wallis and Scholberg’^ It is probable that many cases 
have not been published, for there is usually nothing to report save 
that milky fluids are present, and the milkiness is unexplained Wallis 
and Scholberg found 81 cases due to tumors , 46 to infections, of which 
33 were ascribed to tuberculosis , and 37 due to affections of the 
thoracic duct and lymphatics Seventy-eight remained in a group of 
general diseases, 22 of which were specified further as nephritis, and 
28 as cirrhosis of the liver These figures are interesting as statistics, 
but they give milky effusions no diagnostic value, and not until there is 
definite information in terms of pathologic physiology and anatomy will 
any particular milky fluid be a helpful diagnostic sign 

Theories abound as to these fluids, as shown by the terminology m 
reports — chylous, chyliform, adipose and pseudochylous In the Ameri- 
can Medical Dictionary, chylous ascites is defined as “the presence of 
chyle m the peritoneal cavity due to rupture of a chyliferous vessel ” 
Chyliform ascites is given as synonymous with chylous Adipose ascites 
IS “a variety characterized by a milky appearance of the contained fluid 
due to the presence of cells that have undergone fatty degeneraion ” 
Pseudochylous is “ascites m which the contained fluid resembles chyle in 
appearance, but does not contain fatty matter ” Of these terms, the 
only one that we find no fault with is “chylous,” for it implies definite 
pathology and is well established The term “adipose ascites” was 
never founded on fact and has no general use “Chyliform” and 
“pseudochylous” are used indiscriminately to designate all milky fluids 
not definitely chylous, and against them I join the lists, believing that 
no one has found definitely milky fluids the turbidity of which was 
not due to the presence of emulsified fat derived from the chyle 

Observers have indeed found unusual substances in milky fluids, 
but there is as yet no certain demonstration that these unusual sub- 
stances were the cause of turbidity In two cases described by Lion,- 


* From the department of medicine of Western Reserve University and 

Lakeside Hospital t -.r , ^ ^ 

1 Wallis, R T M, and Scholberg, H A Quart J Med, Oxford 4 153, 

2 Lion, M G Arch de med exper et d’anat path 5 286, 1893 
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glucoprotein was found Taylor and Fawcett^ found an unknown 
protein, and Joachim found a lecithin-globuhn complex , but all of these 
observers used inadequate methods to exclude fat as the turbid agent, 
and assumed their respective proteins to be the only possible cause 
If we agree, as many do, that fat is the cause of turbidity, there are still 
many obstacles in the way of a satisfactory classification of these fluids, 
especially on the basis of their various ingredients These difficulties 
are seen in the attempt at classification made by Powell and Hartley * 
These writers find eighteen points of distinction between chylous and 
pseudochylous, but in all except two instances the difference is a matter 
of degree, the chylous fluids being more concentrated than the pseudo- 
chylous The remaining points deal with the unusual proteins men- 
tioned above — mucinoids and lecithin-globulm Classification must fail 
when there are variable factors which cannot be evaluated, such as the 
presence of inflammation with exudation, transudation of body fluids 
or alteration in food intake 

This paper was written on the premise that emulsified fat alone 
IS the cause of milkiness, and it aims to point out in each case cited 
the mechanism ivhereb} fat may appear in an effusion Such a premise 
was established by an investigation into the nature of milky effusions, 
the details of which will be given in another paper By proving that 
emulsified fat is the sole cause of milkiness in effusions, \ve have gone 
a long ivay m their classification, and may hope ultimately to make 
the finding of milky effusions a valuable diagnostic sign 

REPORT or CASES 

Case 1 — A. white man, aged 40, admitted to hospital, Oct 12, 1919, having 
been m four months pre\ lously with a diagnosis of mediastinal tumor, had 
signs of fluid in the right chest, wnth massive retrosternal dulness and tre- 
mendous obstruction of the \eins of the neck Thoracentesis, October 24 
removed 1,268 cc of milkj, slightly hemorrhagic fluid, October 25, 1,060 cc 
of similar fluid, November 11, 1,800 c c, milky but more hemorrhagic, December 
5, 1,000 cc, milkv with less hemorrhage, and Jan 1, 1920, 1,400 cc, very 
creamj with slight hemorrhage During this time, the patient was receiving 
roentgen-rav treatment, and he became comfortable enough to be discharged 
He was sent to Baltimore for radium treatment At the present time, April 
1922, he shows no signs of tumor, and has had no treatment for one year 

The four specimens obtained were uniform, except in the amount of blood 
admixture One specimen, the bloodiest of the four, developed a partial clot 
The fluid reaction was alkaline, the specific gravnty 1017 There were 17,760 
cells per cubic millimeter, 20 per cent red blood cells and 80 per cent leuko- 
cytes Of the leukocytes, 90 per cent were small lymphocytes The cells all 
stained well, and showed no degeneration Centrifugation threw down a mass 
of cells, as described above, and small clots It also brought up a heavy 
creamy lajer, which under the microscope showed coarse and fine spherical 
bodies, as well as microscopic granules Prolonged centrifugation brought 

3 Taj lor, Frederick, and Fawcett, John Tr Clin Soc , London 38 169 

1905 

4 Powell and Hartley Diseases of the Lungs, 1921 
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^ further change, nor did standing for a month or filtering through paper 
Heat coagulation formed a very heavy clot without the addition of acid , with 
acid, clotting was complete and the fluid filtered clear There was no reduc- 
tion of Benedict s solution Shaking with ether made ver 3 ’’ little change in 
the appearance of the fluid, but the ether on evaporation left a thick, yellow, 
greasy residue, which smelled like butter This residue contained no crystals 
It stained with sudan III and gave an acrolein reaction when heated 

Comment In this case, it is quite certain that a tumor had developed with 
subsequent rupture or possibly with actual ulceration of the thoracic duct 
The fluid here obtained must have been chyle with an admixture of blood 
The formation of the creamy layer on centrifugation or on standing, the large 
size of the fat droplets and the ease of extracting with ether indicate a coarse 
emulsion of the fat in generous amounts as the cause of turbidity Such an 
emulsion must have been poured directly from chyliferous vessels into the 
pleural cavity without any process of filtration Before centrifugation, this 
fluid was clearly chylous in the accepted term, but the important fact must 
be noted that when coarse fat particles were removed by centrifugation, 
the remaining chylous fluid could not be distinguished from the so-called 
pseudochylous 

Case 2 — A white woman, aged 42, was admitted Feb 2, 1921, with a diagnosis 
of metastatic carcinoma of the abdomen and thorax, following a breast 
amputation two years previously, with later axillary dissection for carcinoma 
February 25, a liter of bloody fluid was removed from the left pleural cavity. 
May S, the left chest was again aspirated, and 1 000 c c of fluid removed , 
May 6, abdominal paracentesis was performed and 1,800 cc removed, and, 
June 4 1,200 c c was removed from the abdomen Tune 5, the patient was 
discharged to her home, where she required numerous tappings, and died a 
few months later There was no necropsy 

In this case, the fluid was alkaline in reaction and had no odor It was 
of a brownish-yellow, turbid appearance, and had a specific gravity of 1 020 
Centrifugation threw down many cells and brought up a small creamy layer, 
partly clearing the fluid and greatly diminishing the red-brown color The 
cells were largely red cells but there were 260 white cells per cubic milli- 
meter, which stained very well, showing no gross degeneration or vacuoliza- 
tion Small lymphocytes predominated, but a few large mononuclear cells 
suggested carcinoma Only minute spherical bodies could be seen, but there 
were many ultramicroscopic particles, with rapid brownian movement Filter- 
ing through paper made no change, but filtering through porcelain left a 
perfectly clear fluid, faintly brownish red Boiling with weak acetic acid 
formed a heavy coagulum which, when filtered off left a clear brown fluid 
Salting out with ammonium sulphate, T6 saturation, gave no appreciable change, 
Vi saturation gave a slight precipitate and partial clearing, Vz saturation gave 
a heavy precipitate and complete clearing, after which full saturation again 
threw down a heavy precipitate No protein was detected after heat coagula- 
tion with acid, and the biuret test showed no peptone There was no gluco- 
protein, for after heat coagulation there was no reduction of Fehlmg's solution 
before or after hydrolysis of the filtrate Shaking with ether did not clear 
the fluid, but a small amount of fat was recovered Prolonged extraction of 
the dried residue removed 0 129 gm of fat per hundred cubic centimeters, and 
a trace of lecithin Filtering through porcelain diminished the total nitrogen 
from 0 770 to 0 560 gm per hundred cubic centimeters, and diminished the fat 
from 0129 to 0 019 gm pei hundred cubic centimeters Amylolytic ferments 
were not found 

Comment— The fluid m this case, after the cells had been removed by 
centrifugation, conformed to the usual description of pseudochylous fluids, 
and we may assume that the turbidity was due to fat, for no other substance 
particularly no lecithin-globulin complex, no nucleoprotem nor mucinoid sub- 
stance could be found , and with porcelain-filtration there was equal diminution 
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of turbidity and of fat Fat here could not be due to degeneration of cells, 
for the fluid reaccumulated very rapidly, furthermore, no degenerated cells 
could be found It is most plausible to assume that, in this patient, in whom 
extensive metastases were demonstrated in the abdomen and thorax, there 
was actual obstruction of chyliferous ducts b} tumor masses, and the chyle 
escaped by a process of filtration 

Case 3 — A white woman, aged 29, admitted, August 23, 1915, and discharged. 
May 7, 1916, had been sick ten days, and the intestinal hemorrhages, leuko- 
penia and a positive Widal reaction indicated that she was suffering from 
ty'phoid Convalescence was very slow, and in the third month, she had a 
ptosis of the left eyelid and a peripheral neuritis of both legs The heart at 
this time was slightly enlarged, and the pulse was frequently as high as 140, 
although the temperature was normal In this period, she was very anemic, 
having but 2,736,000 red cells and a hemoglobin of 60 per cent A lumbar 
puncture was made, and a normal cell count \\as reported The neuritis was 
explained as posttyphoid intoxication 

November 29, while still quite anemic and with troublesome peripheral 
neuritis in the legs, she developed effusion into the abdomen and both sides of 
the chest, and a general anasarca, although she remained afebrile and had no 
leukocytosis At no time during the course of the long convalescence was 
anything discovered to explain the ascites, much less the milky nature of the 
fluid During convalescence, she developed a respiratory' infection diagnosed 
as influenza, an acute streptococcus tonsillitis and a double otitis media, but 
no evidence was adduced to indicate a generalized infection or tuberculosis, 
which might have caused peritonitis and pleurisy, thereby obstructing chylif- 
erous vessels In default of further information, the effusion must be regarded 
as a sequel of typhoid fever 

Fifty cubic centimeters of abdominal fluid was obtained This w'as of a 
bluish opalescence had no odor, and was unaffected by centrifugation, settling 
or long standing When shaken with ether, it was unchanged in appearance, 
and the ether contained no fat It had a specific gra\ ity of 1 008, and an 
albumin content of 0 2 gm per hundred cubic centimeters It contained 120 
cells per cubic millimeter, largely mononuclears 

Fifty cubic centimeters of thoracic fluid w'as obtained, identical with the 
abdominal in appearance and character, excepting that the specific gravity 
W'as 1 005 and the albumin content 04 gm per hundred cubic centimeters 

Comment — The meager data obtained in this case deserve little discussion, 
but one may say that the general anasarca, seen in the absence of nephritis 
and cardiac disease, suggests edema due to star\ation or anemia The very 
low' specific gravity, the very low' albumin content and probably' low fat content 
suggest that this accumulation of fluid was due to a filtration through membrane 
made unduly permeable by starvation or prolonged infection This filtration 
of a suspension of fat could have come by' w'a\ of the chyliferous ducts or 
even from the blood stream The patient w'as very' anemic, and Bloor° has 
pointed out that in the anemias there is an increase in the lipoids of blood 
serum A milky effusion direct from blood capillaries must be considered as 
a possible cause, and it is regretted that more complete observations were not 
made as to the nature of the blood serum 

Ca.se 4 — A w'hite woman, aged 33, admitted October 26 1920, complaining 
qf nephritis and diarrhea, Avith no previous indisposition except from Avhat was 
said to be a tonsillitis, had been suffering from the present illness for eleven 
weeks, it appearing first as a sw'elling of the feet w'hich progressed in a few' 
daAs to a general anasarca but with no demonstrable cardiac stasis The blood 
pressure was 110, systolic 65, diastolic, but prior to admission, it had been 
found by her physician to be much elevated The urine was scanty and of 
high specific gravity, Avith much albumin and manv casts Paracentesis was 


5 Bloor, W R, and MaePherson, D J J Biol Chem 31 79 (July) 1917 
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performed, and 700 c c of milky fluid was removed from the left chest One 
week later, the right chest was tapped, and 800 c c of milky fluid was removed, 
after which 3 liters of similar fluid was removed from the abdomen With 
the thorax and abdomen quite dry, no disease of the pleura could be defined, 
and nothing unusual could be discovered by palpation about the abdomen 
Six days later, both sides of the chest were tapped, and 800 c c was removed 
from the left and 500 from the right The fluid resembled that previously 
obtained 

The nephritis became rapidly worse, resulting in death within two weeks 
Permission for necropsy was not granted 

The abdominal fluid contained no amylolytic ferment, no cholesterol, no 
lecithin, no mucinoid substance and no glucoprotein There was no peptone by 
biuret reaction on a fresh specimen, but when the specimen had stood a month 
or more, a peptone test was positive Half saturation with ammonium sulphate 
and boiling with weak acetic acid cleared the fluid Centrifugation brought 
up no creamy layer, and after long standing there was none Filtering through 
porcelain reduced the fat from 0020 to 0 0073 gm per hundred cubic centimeters 
and gave a clear filtrate Shaking with ether caused no clearing and the ether 
contained no fat, but shaking with a mixture of alcohol and ether almost com- 
pletely cleared the fluid until coagulation of protein occurred Prolonged 
extraction of the dried residue with ether yielded about 002 gm of fat per 
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hundred cubic centimeters, and in this there was no cholesterol or lecithin 
The centrifuged residue from all these fluids showed only a few mononuclear 
cells, which stained well There was no cell debris 

Comment — The fluids obtained from the patient conform absolutely to the 
pseudochylous type, but other than emulsified fat no substance was found that 
could cause turbidity, especially no lecithin, no cholesterol, no glucoprotein 
and no mucin It might have been doubted whether 002 gm of emulsified 
fat per hundred cubic centimeters is sufficient to cause such turbidity, but proof 
that it can do so will be presented in another paper How this emulsified fat 
escaped into the abdomen and chest must remain a matter of conjecture There 
are two sources for such fat— the thoracic duct and its branches, and the blood 
Itself In nephritis, a condition known as lipemia has been described, in which 
the blood serum becomes milky, and in this case there may have been a 
transudation of milky serum without leakage of chyle Such an explanation 
IS suggested by the uniformity of the fluids from the abdomen and both sides 
of the thorax No observation on the fat content or the appearance of the 
blood was made in this case 

Case S— A colored man, aged 24, who was transferred from the Cleveland 
City Hospital by the courtesy of Dr Scott, with a diagnosis of chronic 
nephritis with chylous ascites, had had acute nephritis eight months previously 
in a Southern hospital, and milky fluid had four times been evacuated from 
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the abdomen Admission to City Hospital was sought because of an exag- 
geration of the chronic edematous state that had persisted from the onset of 
the disease 

When he was admitted to Lakeside Hospital, the blood pressure was 130, 
systolic, 90, diastolic, and the urinary output was about a liter a day, with a 
specific gravity of 1 020, a large amount of albumin and no renal elements 
He eliminated 45 per cent of phenolsulphonephthalein in two hours, and by 
the two-hour specific gravity test, he had a maximum variation of 10 points, 
the highest being 1 025 and the lowest 1 015 He was distinctly anemic, having 
a red blood count of 1,350,000, and a hemoglobin of 50 per cent The abdomen 
was tapped on account ot extreme distention, three days after admission, and 
3,800 cc of milkv fluid was e\acuated He was placed on a salt-free low- 
protein diet, and kept in bed, and in spite of the long duration of his illness 
and its apparent severity, he made a good recovery and ivas discharged within 
five weeks ver 3 much improved It was impossible to make any addition to 
the original diagnosis, although tuberculous peritonitis w'as considered 

Since discharge, one year ago, this patient has neen under observation in 
the outpatient clinic, having reported frequently, once to be tapped His blood 
pressure is sometimes as high as 170, sj’stolic, 120, diastblic, and he has more 
albumin m the urine than when discharged from the hospital Hj’aline and 
granular casts also hav'e appeared On his last visit, four months after being 
discharged, he had a phenolsulphonephthalein output of 47 per cent in two 
hours, and the specific gravity of the night urine was 1 016, and of the morning 

Table 2 — Analysts of Fluid fiom Abdomen (Case 5) 


Specific gnvitj 1010 

Total nitrogen 

Sugar 

Urea 

Chlorid'! 

Pat 

Solids 


Gm per 100 C c 
OWa 
0130 
0 000 

0 750 
OOlS 

1 575 


specimen, 1 009 He remains free from edema and is able to work as a waiter, 
but continues with rrjarked albuminuria and high blood pressure, due to chronic 
nephritis 

The fluid contained amylolytic ferment as well as dextrose The biuret 
gave no peptone reaction when the fluid was freshly drawn, but about a month 
later a positive peptone reaction occurred There was no cholesterol, no 
lecithin, no mucinoid substance and no glucoproteid Filtering through porce- 
lain cleared the fluid, as did Yz saturation with ammonium sulphate and boiling 
with acetic acid Centrifugation brought up a creamj’ layer, and long standing 
dev'eloped a similar layer Shaking with ether caused no clearing but brought 
up a faint amount of grease, which stained black with osmic acid Shaking 
with a mixture of ether and alcohol momentarily cleared the fluid until 
coagulation of protein occurred Extraction of a dried residue juelded 0018 gm 
of fat per hundred cubic centimeters, but extraction of the dried residue of 
a clear porcelain filtrate jnelded only 00046 gm of fat per hundred cubic 
centimeters The fluid was distinctly more turbid than that from Case 4 
There were 130 cells per cubic millimeter, 50 per cent being Lymphocytes, 
all stained well and there was no cell debris 

Comment — This is another definitelj' pseudochylous fluid, coming from a 
patient with severe nephritis and anemia, but with no ev'idence of disease of 
the thoracic duct or its contributaries As to the mechanism of milky ascites, 
what was said in the discussion of Case 4 applies here, except that in this 
instance the oxalated plasma was twice examined and found to be perfectly 
clear Under the microscope the ascitic fluid showed a few recognizable fat 
droplets, but although the fat content was the same as in Case 4 unlike the 
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other this fluid produced a faint creamy layer when centrifugated From 
t IS, it IS apparent that turbidity is not an index of fat content, nor is the 
size of fat particles dependent on total fat content 

Case 6 A man, aged 32, admitted Nov 29, 1920, complaining of edema of 
the legs, shortness of breath and swelling of the abdomen, had been wounded 
m battle. Sept 28, 1918, being shot by a machine gun m the thigh After about 
SIX weeks, he was found to have an enlarged heart with signs of aortic regurgi- 
tation and arteriovenous aneurysm in the thigh Before admission to Lake- 
side Hospital, he was tapped about forty times for large amounts, and accord- 
ing to his own story the fluid at times was perfectly clear and at other times 
distinctly turbid, but never milky When he was tapped at Lakeside Hospital, 
the 11 liters of fluid recovered was amber, and distinctly milky 

He was operated on, and the anastomosis between artery and vein was 
closed off Immediately thereafter, the blood pressure, which had been 115 
sj'stolic, 65 diastolic, became 145 systolic, 95 diastolic After a convalescence 
of four months, during which time he had no reaccumulation of fluid, he was 
entirely free from disability, and he now is practically well The change m 
blood pressure at the time of operation as a result of stopping the leakage 
from artery into vein can be taken as evidence that blood pressure m the 
vena cava had been elevated by arterial leakage, and was diminished by the 
repair It was seen after operation that pulsations m the jugular vein ceased 
The abdominal fluid was pale yellow and milky, with a fragile clot that 
settled m the flask The specific gravity was 1 008 


Table 3 — Analysis of Fluid in Cose 6 


Total nitrogen 

Qm periooc c 

0170 

Sugar 

OOCO 

Urea 

0080 

Ohlorlds 

0 080 

Fat 

0 028 

Solids 

1028 


This fluid contained amylolytic ferment as well as sugar The biuret on 
the fresh specimen gave no peptone reaction, but after a time a peptone reac- 
tion developed There was no cholesterol, lecithin, mucmoid substance or 
glucoproteid Filtering through porcelain cleared the fluid, and so did heat 
coagulation with acetic acid and saturation with ammonium sulphate Cen- 
trifugation brought up a faint creamy layer, as did standing Shaking with 
ether caused no clearing, but a small amount of fat was recovered and the 
dry residue of the whole fluid yielded 0 028 gm of fat per hundred cubic centi- 
meters Under the microscope, fat droplets were visible There were 125 cells 
per cubic millimeter, of which 75 per cent were mononuclear 

Comment — This fluid is also of the pseudochylous variety, of low specific 
gravity, and low protein and fat content There is adequate reason to suppose 
there was obstruction to the drainage of chyle into the subclavian vein, for 
the blood pressure in the cava system was greatly elevated by the leakage of a 
large volume of blood into the femoral vein at arterial pressure The theory 
IS offered that, as a consequence of high intravenous pressure, there was back 
pressure m the lactiferous vessels, with transudation of much diluted and 
filtered chyle The blood serum of this patient was perfectly clear, so that 
It IS unlikely that the turbid effusion was from this source 

(3^SE 7 A white man, who had been in Lakeside Hospital from June 30 to 

July 30, 1920, was discharged with a diagnosis of parenchymatous nephritis 
The urine at that time had a high specific gravity and contained large amounts 
of albumin and many granular casts, the phenolsulphonephthalem output was 
60 per cent, and the blood pressure was never elevated, being frequenth 

below 100 
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He was readmitted, August 21, and continued in the hospital until his death, 
Oct 8, 1921 The final diagnosis was peritonitis fibrosus, ascites chylosus, 
chronic parenchymatous nephritis and chronic interstitial hepatitis During 
his long stay m hospital, the nephritis made definite progress, so that the 
urine was even more diminished m volume and contained larger and larger 
amounts of albumin up to 10 gm per liter The lowest phenolsulphonephthalem 
output was 55 per cent The specific gravity of the urine was always high, 
with a total volume frequently of no more than 400 cc He had no fever 
The blood nitrogen was never higher than 90 mg per hundred cubic centi- 
meters For a long time, his appetite was good, and his strength permitted 
him to walk about the ward He graduall}' deteriorated until he was no longer 
able to be out of bed, and he refused to take food Toward his latter days, 
he became very edematous and complained of pain m the upper abdomen 
Before death, a roentgen-ray examination with pneumoperitoneum was made, 
which made him very uncomfortable A diagnosis of chronic adhesive peri- 
tonitis with cirrhosis of the liver was made from the plates 

During the second admission, the abdomen w'as tapped thirty-six times at 
intervals varying from three to fourteen days, the average being eleven days 
The length of time was dependent on the fluid intake and the physical activity 
of the patient Rest in bed and restricted intake prolonged the intervals He 
had no medication except an occasional cathartic, sedatives w'hen he complained 
of sleeplessness, and a short course of antisjphilitic treatment with mercury 


Table 4 — Analyses of Spcctvicns tn Case 7 



Greatest 

Least 

Specific gravitj 

1 012 

1000 

Total nitrogen (gm per lOO c c , 

0 490 

0140 

Sugar (gm per 100 c c ) 

0 150 

OOOO 

Urea (gm per lOO c c ) 

OlOO 

OOOO 

Chlorids (gm per 100 c c ) 

0 750 

0 200 

Fit (gm per 100 c c ) 

0 201 

0 090 

Total solids (gm per lOO c c ) 

2 0 

18 


and potassium lodid, which had to be stopped on account of increasing albu- 
minuria The blood Wassermann reaction had been negative 

On one occasion, bv feeding a diet rich in butter and cream, the fat content 
of the fluid was increased from 0 128 gm to 0 201 gm per hundred cubic centi- 
meters, following w^hich it dropped below its former le^el As the patient 
refused the diet, the experiment could not be repeated 

Blood fat, estimated at various times on whole blood, was from 123 to 
135 mg per hundred cubic centimeters At no time w'as the serum or oxalated 
plasma abnormally turbid 

Chemical analysis was made of many of the thirty-six specimens, the extreme 
results of which are given in Table 4 The average of all analyses is approxi- 
mately the average of these extremes 

These specimens all contained amylol 3 'tic ferments wdien tested, and sugar 
was never absent The biuret test on freshly drawn specimens was negative, 
but after they stood a month or more it wms uniformly positive for peptone 
In the ether extract, traces of cholesterol and lecithin w'ere occasionally present, 
but not necessarily at the same time In one specimen, there w'as a sub- 
stance — probably glucoprotem — which w'as precipitated by alcohol after all 
heat-coagulated protein had been removed, and which after hydrolj'sis wuth 
hydrochloric acid reduced Fehling’s solution Its presence could be easily 
demonstrated in one specimen, but never in any previous or subsequent tappings 
Filtering removed on one occasion 93 per cent of fat and 20 per cent of 
protein, on another occasion, 90 per cent of fat and 9 per cent of protein 
Heat-coagulation with weak acetic acid cleared these fluids, as did satura- 
tion with ammonium sulphate Centrifugation or long standing always brought 
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up a small creamy layer Except for this creamy layer and a faint white 
sedimentation, some of the specimens remained unchanged after more than 
eighteen months at room temperature in loosel> stoppered flasks Shaking wuth 
ether, if prolonged an hour or more in a machine, developed a gelatinous guinmj 
mass, which was difficult to separate from the extracting ether This mass 
was always present unless the fluids became acid from putrefaction or bv 
direct addition of acid Such extraction with ether seldom removed more 
1 hundred cubic centimeters, and did not materially clear 

the fluid Extraction of the dried residue prolonged for from forty to sixtj 
hours in a Soxhlet apparatus removed all extractable fat, including occasional 
traces of lecithin and cholesterol Shaking with a mixture of ether and alcohol 
cleared all turbidity until coagulation of protein occurred In fresh specimens 
the microscope revealed from 120 to 300 cells per cubic millimeter, largelj 
small, readily stamable lymphocytes Small oil droplets w'ere seen and manj' 
ultramicroscopic bodies 

This man died, and necropsy was performed two hours after death Fol- 
lowing IS an abstract of the report made by tbe pathologist, Dr B S Kline 

Except for edema of the lower extremities the body showed nothing exter- 
nally On opening the abdomen, the parietal peritoneum was found everywhere 
to be strikingly thickened, being covered with a pearly white membrane, a 
millimeter in thickness In places, injected vessels were visible on the surface 
Tw'o and one half liters of milki' fluid were evacuated A portion of the 
transverse colon and stomach w'cre walled off from the peritoneal cavity by 
a membrane similar to and continuous with the parietal peritoneum, and a 
similar membrane extended from the right lobe of the liver to the abdominal 
wall 

On opening the thorax, the right pleural cavity contained SO c c of slightly 
turbid, j-ellowish fluid The left contained 114 liters of fluid similar to that 
m the abdomen There was a similar pearly white membrane over the 
visceral and parietal pleurae on the left side but m places it was diffuseh 
injected The pericardial chamber contained its normal amount of fluid The 
liver weighed 1,050 gm It was increased m consistencv, and on section por- 
tions of the thickened capsule could be seen penetrating the substance of the 
liver The vena cava and large branches, as well as the thoracic duct, which 
was dissected throughout, showed no abnormality 

Histologic examination of the kidneys showed the usual picture of chronic 
parenchymatous nephritis, with much fatty degeneration but no fat infiltration 

Section of the small intestine showed an unusual gross appearance The 
striking thing was the marked thickening of the serosa The portion toward 
the muscle was composed of loose areolar tissue, the cells separated by a 
considerable amount of amorphous pmk-stained material Scattered through- 
out, there were fairly numeious wandering cells, the majority mononuclear, 
many of these polyblasts or endotheliocytes Numerous eosinophils were also 
present The outer coats were composed of layers of fibroblasts and newlv 
formed blood vessels, with cells separated bv loose, amorphous, pink-stained 
material In some areas, there were small mononuclear round cells, and the 
outermost portion of the wall was partly composed of a thin laver of fibrin, 
invaded by fibroblasts, or entirely replaced bj them In places, m the depth 
of the granulation tissue, there were amorphous pink-stained masses suggesting 
fibrin In the granulation tissue, no lymphatics were observed, and those m 
the muscular layer and mucosa were not unduly conspicuous The impression 
was gained that the process consisted of repeated depositions and organirations 
of fibrinous exudate 

Section of the liver and spleen showed this same change within the serosa, 
as well as atrophy of the liver tissue, but no increase of stroma within the 
liver lobules 

Section of the parietal pleura showed a thick layer of granulation tissue 
made up of fibroblasts, sprouting capillaries with prominent endothelium and 
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wandering cells (small mononuclears, plasma cells and endotheliocytes in 
about equal numbers) This section gave the impression that the process was 
a low-grade inflammation, with deposition of fibrinous exudate followed by 
organization 

Section of the mesenteric lymph gland showed the sinuses filled with large 
endotheliocytes and a considerable amount of amorphous, pink-stained material 
In areas there were numerous eosinophils and an increase in the stroma ot 
the gland, especially about the blood vessels 

The complete pathologic diagnosis was old tuberculous bronchial and 
mesenteric Ivmph nodes , encapsulated tubercles in the left upper lobes , chronic 
diffuse peritonitis with chjdous ascites, chronic diffuse pleurisy with chylous 
effusion, capsular cirrhosis of the liver, beginning involution of the pancreas, 
chronic parenchymatous nephritis, atrophy and replacement fibrosis of the 
testes, complete inguinal hernia, right, old fracture of the left tibia Probable 
cause of death was chronic peritonitis with chylous ascites , chronic pleurisy 
left with effusion 

Comment — This fluid from its chemical and physical nature must be classed 
as pseudochylous Furthermore, although the thoracic duct and its coarser 
branches, as well as the vena cava superior, were demonstrated free from 
obstruction, the milkj'^ appearance can be shown to have been due to emulsified 
fat Evidence to this effect is contained within this report, but the major 
proof will be presented in another paper Presumptive evidence is seen in the 
fact that the fat content of this fluid was increased by fat feeding — the so-called 
Strauss® sign — which points both to fat as the cause of milkiness and to 
absorbed fat as the source Fat was present in the form of emulsion, the 
separate particles of which varied from microscopic globules to ultramicro- 
scopic particles that would pass an ultrafilter 

How emulsified fat might occur in this case is not clearly demonstrated by 
necropsy, but adequate cause is at hand in the extensive fibrosis of intestines 
and mesentery A second possibilit}' deserving discussion is the formation ot 
fat by degeneration of fixed or exuded cells The extreme rapidity with which 
the fluids formed in this case — 11 liters in three days — speaks convincingly 
against this explanation Furthermore, no such degenerated cells could be 
found free in the fluid or in the walls of the cavity generating the fluid 
Further still, fat formed by degeneration of cells and tissues is disposed in 
coarse emulsions, often in coarse globules 

A third possibility is that a lipemic serum could hav'e transuded from blood 
capillaries This theory is incapable of being proved or disproved In this 
instance, the observed serum was never of the same appearance as the fluids 
in question One argument in favor of this origin is the surprisingly close 
correspondence between the amounts of blood fat and effusion fat, but against 
this IS the wide disparity in the amounts of serum protein and effusion pro- 
tein for It IS difficult to imagine a filter allowing all the fat to pass but 
withholding nine-tenths of the protein The very low fat and protein contents 
are more in harmony with the first theory, that filtration from lactiferous 
vessels was the mechanism of producing this milky effusion The extensive 
fibrosis of the intestine and mesentery was quite sufficient to produce stasis 
at the very origin in chyliferous vessels of small dimensions 

In the chemical examination of the fluids described in connection 
with these cases, sugar was estimated by the Lewis-Benedict method , 
urea by urease and aeration, chlorids b}'^ the method of McLean, Van 
Slyke and Donley, cholesterol by that of Bloor, followed by the 
Liebermann-Burchard test, lecithin by acetone precipitation, and phos- 
phorus by the molybdate test Fat extractions were made with 

6 Strauss, M I Arch de physiol norm et path 18 367, 1886 
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petroleum ether, but on account of the difficulty in obtaining petroleum 
ether with absolutely no nonvolatile residue, sulphuric ether was used 
when minute amounts of fat were dealt with 

Most of the routine procedures were" carried out by Miss Ruth 
Trump, chemical technician m the medical research laboratory of Lake- 
side Hospital 

SUMMARY AND CONCLUSIONS 

Seven cases are recorded, m all of which milky fluids were found 
In one case, m which the patient had a tumor of the mediastinum, the 
fluid contained large amounts of fat in coarse and fine emulsion This 
fluid can well be called chylous In the remaining six cases, in all of 
which the patients were known to have lesions capable of effusion from 
chyhferous or blood vessels, the fluids contained smaller amounts of 
fat, in very fine emulsion , these fluids might be classed as pseudo- 
chylous, but the only difference between them and the first fluid is that 
they lacked large fat particles 

The terms "pseudochylous" and "chyhform" are descriptive, and 
imply much that is not true and had better be discarded 

The term "chylous” is accurate and general enough to designate all 
milky effusions save those that can be shown to originate from lipemic 
blood 



THE CAUSES OF TURBIDITY IN MILKY 
ASCITIC FLUIDS* 


M A BLANKENHORN, MD 

CLEV'ELAND 

In a companion paper, m which I reported seven cases of milky 
effusion and described the so-called pseudochylous fluid from each, it 
was pointed out that there was disagreement as to the cause of the 
turbidity of such fluids, and as a consequence much confusion among 
the descriptive terms applied Some writers hold that emulsified fat 
IS the cause, others, finding ^ery little fat, are unwilling to ascribe 
turbidity to amounts so insignificant, and still others, finding no fat, 
ascribe turbidity to an unknown protein or some uncommon substance, 
such as glucoprotem, mucmoids, or a lecithin -globulin complex The 
present work was undertaken with the hope of throwing further light 
on the subject by investigation into the nature of the turbidity in five 
of seven fluids described in the previous paper The results were clear- 
cut Emulsified fat was proved in all five cases to be the cause of 
turbidity 

This finding is in disagieement with that of obser\ers who have 
found emulsified fat in these fluids but in amounts so small that they 
considered it inadequate for turbidity How much fat is necessary for 
turbidity is a matter often discussed, but the fineness of its division 
IS seldom considered This in\estigation deals critically with that 
point, but credit for priority must be given to Gandin,^ who made a 
similar investigation and came to the conclusion that small amounts 
of fat cause turbidity The conclus’ons of this paper are discordant 
also with those of me estigators who find no fat, and it will be shown 
that their methods do not rule out the presence of fat Our conclusions 
are further in disagreement with those ascribing turbidity to proteins, 
because on removing proteins, principally globulin, turbidity was dis- 
pelled , and it will be shown here that the methods used to remove 
proteins also remove suspended fat It is therefore fallacious to asenbe 
turbidity to protein on that evidence 

In this investigation, emulsified fat was found in every specimen 
Of the other substances supposed to cause turbidity, the only one 
found in any notable amounts was glucoprotem, which was present 
in the t^\ enty-sixth specimen from Case 7, but in no other Small 
amounts of lecithin and cholesterol Avere found, but nothing resembling 
mucin 


*From the department of medicine of Western Reserve University and 
Lakeside Hospital 

1 Gandin, S Ergebnisse der innern Medizin und Kinderheilkunde, Berlin, 
22 227, 1913 
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In order to determine the cause of turbidity, the following plan 
was followed 

A Microscopic examination 

B Separation of the turbid substance by 

1 Filtration 

2 Sedimentation 

3 Heat coagulation 

4 Salting out 

5 Mutual precipitation 

6 Extraction 

7 Freezing 

8 Peptization 

9 Electrolysis 
10 Dialysis 

C Synthesis of turbid fluids by 

1 Operation on the thoracic duct of dogs 

2 Homogenization of oil, water, protein and salt mixtures 

3 Homogenization of oil-water mixtures 

Of these various lines of approach, synthesis alone was entirely 
successful and decisive Separation by peptization, electrolysis, extrac- 
tion, freezing or filtration was successful and corroborative in about 
the order given Separation by salting out, mutual precipitation, 
sedimentation and heat coagulation was successful, but the results were 
open to contradictory interpretations, though m the mam reconcilable 
throughout Microscopic examination was merely corroborative, and 
dialysis was unsuccessful 

FILTRATION 

Filtration was fiist tried It was hoped by this means to isolate 
the substance causing turbidity, and thereby allow identification by 
chemical examination Filtering thiough paper removed nothing, and 
Handler filters accumulated no collectable filtrate When very fine 
Handler filters were used, a distinct clearing was noted, but no diato- 
mecious filter produced complete clearing This was determined by 
reading print through tubes of equal diameter and comparing the 
clearness of the view through the filtered with that through the unfil- 
tered When coarse Handler filters were used, there was less clearing 

A Pasteur-Chamberland filter cleared the fluid completely, leaving 
a straw-colored, limpid filtrate, but the process was always slow and 
difficult, frequently impossible even with a pressure of 70 pounds, after 
a certain volume had passed Several candles, after repeated use and 
clearing with alkali, became more permeable, thus allowing a filtrate 
to come through rapidly, but with definite milkiness 

Before filtration, these fluids contained from 19 to 200 mg of 
extractable fat per hundred cubic centimeters The filtrates when 
clear contained from 5 to 19 mg of extractable fat per hundred cubic 
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centimeters The unfilterable residue was collected with much diffi- 
culty and uncertainty as to amount, but by reversing the direction of 
flow, a small amount could sometimes be washed back This contained 
fat and protein m variable amounts and varying proportion, in gen- 
eial, the longer the filtration, the greater the relative amount of protein 
It was apparent at once that the residue could not be taken as the 
isolated and uncontammated milky substance, for the longer filtration 
went on, the less permeable became the filter, until ultimately not 
even water passed through A certain amount of protein could be 
further removed from the residue on. the filter by washing through 
with laige volumes of saline followed by water, but prolonged wash- 
ing never produced a residue free from protein On the other hand, 
long washing compressed the mass into a greasy scum, which was 
removed from the filter with much difficulty 

When filtrates were perfectly limpid, the average of five filtrations 
withheld 94 3 per cent of all fat and 18 per cent of all protein When 
filtrates were more turbid, more fat was present Graduated filtration, 
going on to so-called ultrafiltration, removed more and more fat, and 
at the same time the filtrates became less and less milky, but always 
an extremely small amount of fat continued to go through In one 
instance, 19 mg per hundred cubic centimeters passed the filter, and 
the filtrate appeared clear This at first sight seems inconsistent, for 
two of the milky fluids, Nos IV and V of our previous report, con- 
tained just that amount But it must be recognized that fat in par- 
ticles smaller than the wave length of light gives no milkmess, and 
further that clearness is a» relative condition liable to be misjudged 
by ordinary observation 

Filtering through fresh frog skin with a method devised by Soll- 
mann partly cleared the fluid, giving a milky filtrate and very cloudy 
residue Twenty-five cubic centimeters of a fluid containing 20 mg 
of fat and no protein was filtered at about 30 cm of water pressure 
In the 5 c c of residue, there was 1 1 mg of fat and in the 20 c c 
of filtrate there was 9 mg , so that 45 per cent had passed through 
A similar membrane employed m the filtering of dilute ox serum at 
the same pressure allowed 66 per cent of protein to pass These 
results by Sollmann’s method show that (1) finely suspended fat can 
pass a vital membrane, (2) protein passes better than fat, and the 
two substances can be partly separated, and (3) turbidity of these 
mixtures diminishes with fat content rather than with protein content 

By filtering pseudochylous fluids, the turbid substance can be 
removed from the suspending medium, but it is not isolated m pure 
form Protein and fat are found both in the residue and m the filtrate, 
but fat IS concentrated m the residue and turbidity is confined to it 
Filtering through vital membranes allows more fat and a turbid filtrate 
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to pass We can therefore conclude that fat particles are present m 
vanable size, some are small enough to pass a porcelain filter and 
cause no turbidity, but mostly they are too large to pass, and do cause 
turbidity 

MICROSCOPIC EXAMINATION 

Microscopic examination was undertaken to identify the turbid 
substance in situ When the highest power oil immersion was used, 
the whole fluid was uniformly opaque, the field being composed of 
minute points with rapid brownian movement, with a few definitely 
spherical bodies A filtrate when clear showed no parhcles, but the 
residue showed clumped-up bodies too small to be defined, among 
which were numerous globules Aftei long sedimentation or cen- 
trifuging, a thin filmy cream came up, composed principally of spher- 
ical forms, and the middle portion thus centrifuged showed no spherical 
forms, but granules with brownian movement There was no sediment 
until the fluids had stood several months and then very little in a liter 
flask, and the body of the fluid was m no degree cleared 

From this it is apparent that these fluids contain particles m sus- 
pension as a dispersoid, some large enough to be recognized as 
definitely spherical, others too small to be defined The spherical forms 
were never laiger than one-fourth the diameter of a red cell, most of 
them were smaller, but no one size seemed to predominate When 
filtration had cleared the fluid of milkiness, these suspended particles 
had disappeared 

SEDIMENTATION 

Sedimentation was expected to isolate or at least concentrate the 
turbid substance After standing a few days, the surface of these 
fluids all showed a more or less delicate film of bluish white, a creamy 
pellicle Vigorous centrifuging — several hours at 2,300 per minute — 
produced the same effect This pellicle could be made to disappear 
into the underlying fluid by very little shaking When removed by a 
pipet, It could be freely suspended in distilled water or saline and again 
centrifuged out, and the natural pellicle formed by long standing 
behaved m the same manner After the entire pellicle was removed, 
no amount of centrifuging could form another, not even after the 
addition of cane sugar sufficient to raise the specific gravity to 1 060 
or salt to bung it to 1 080 The sediment seen after these fluids had 
been standing six months or more could be resuspended by shaking, 
and except for that part which was definitely flocculent or threadlike. 
It was a long time resettling 

From the bottom of a 2-htei flask that had stood sixteen months 
uncontammated, a small amount of sediment was removed by pipetting 
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This sediment Avas largely composed of needle crystals, single or m 
rosette clusters The clusters Aveie about 15 microns in diameter, and 
the crystals were about 7 microns long This residue was insoluble 
in dilute alkali, acid, alcohol or ether It was then tested for tyrosm 
and ammonium urate, and neither was found, but small amounts of 
an ether soluble substance was extracted, ivhich gave reactions for 
cholesterol and lecithin 

From sedimentation of these fluids, it is shown that spherical bodies 
of appreciable size rise to the top after long centrifuging, making the 
top more turbid, but the bulk of dispeisoid is composed of particles so 
small that physical forces, probably surface tension and surface charge, 
overcome sedimentation 

\ 

HEAT COAGULATION 

Heat coagulation was employed to remove the greater part of the 
protein, leaving other substances in solution or suspension Boiling 
produced no immediate change except in No IV, which had an uncom- 
monly large amount of protein, but on standing a few hours all showed 
more or less sediment and no clearing Heating and acidulation formed 
a flocculent precipitate, which if undisturbed settled out, part going up 
and part becoming sediment, leaving a clear liquid This coagulum 
from heating and acidulation when diied and extracted contained all 
the fat originally contained in the fluid From this procedure, it is 
seen that heat coagulation of piotem removes fat as well as protein, 
just as egg clears coffee The clear filtrate from filtration through 
porcelain when heated produced an opalescence resembling that of the 
unfiltered fluid, but this milky fluid on standing under sterile conditions 
formed a generous sediment and CA^entually cleared again 

SALTING OUT 

Salting out Avas employed to remove and isolate proteins Diluting 
Avith 19 Amlumes of AA^ater at pa 7 foimed, after tAA''enty-four hours, a 
faintly granular piecipitate, Avhich required several days for complete 
sedimentation After sedimentation the fluid AA'^as still quite turbid, 
although the milkiness Avas much dissipated by the original diluting 
process The collected precipitate AAdien redissoh'^ed by adding crystals 
of salt did not make a perfectly clear solution 

Ammonium sulphate solution saturated at 32 C Avas used, so that 
Ysf V4=> Vs and ^ satuiation could be obtained With % saturation 
there Avas, after tAveFe hours’ standing at incubator temperature, a 
very faint precipitate, so faint that it was collected AVith great diffi- 
culty and Avas frequently lost When this piecipitate Avas redissolved 
in saline it made a faintly milky solution With % saturation, a 
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considerable amount of precipitate formed, with a slight clearing- effect, 
and when filtered and washed with ammonium sulphate and redis- 
solved, it gave a distinctly milky solution One-third saturation ga\e 
even more precipitation and more clearing of the fluid, and the precipi- 
tate on redissolving was very milky At Y2 saturation, more precipitate 
formed, and usually a perfectly clear filtrate resulted This precipitate 
when redissolved gave a millcy fluid of the same appearance as the 
original untreated fluid Saturation with ammonium sulphate crystals 
completely cleared the fluid and removed all proteins 

When dried and extracted in a Soxhlet extractor, the various 
fractions brought down by different degrees of saturation all contained 
extractable fat and all gave turbid solutions Fractional salting out was 
done again m the same steps, but each portion was removed as it was 
thrown down, making way for each succeeding step In this manner 
five fractions were collected, all containing protein and all containing 
fat No fraction greatly exceeded any other in fat content, but the 
last one — presumably serum albumin — alone contained amounts too 
small to be measured The fraction at % saturation was moie bulky 
than any other, and probably contained more protein These fractions 
were separated by centrifuging, and quantitative determinations of 
protein were not attempted on account of the difficulties involved in 
washing free from ammonium sulphate It was apparent that fat was 
precipitated by any degree of saturation that precipitates globulin, and 
that % saturation precipitates all fat There was appaiently a zone 
of saturation, % to that pioduced a precipitate heavier than others 
Whenever globulin came down, fat came down m direct propoition, 
but when the clear filti ate after % saturation was dried and extracted, 
at most only a few milligrams of fat per hundred cubic centimeteis 
were found In each specimen, the precipitate obtained with Yz satu- 
ration when dried and extracted contained practically the same amount 
as could be obtained Ty extracting the dried lesidue of the whole fluid 
A clear filtrate from porcelain filters when treated by %, Y4, Vs 
Yi to full saturation gave a precipitate with each fraction roughly 
equivalent to those of the unfiltered 

By every method tiled — diluting and salting out with sodium sul- 
phate or ammonium sulphate — whenev^er a piecipitate of protein was 
formed fat also was precipitated No globulin body free from fat 
could be obtained except that salted out from a fluid previously filtered 
deal This might be thought to indicate a combination, chemical or 
otherwise, between fat and protein, but it will be shown later that all 
the salting out methods used to precipitate protein will likewise precipi- 
tate fat from a suspension in pure water Salting out, like filtration, 
removes the turbid substance but does not isolate it 
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MUTUAL PRECIPITATION 

Mutual precipitation by various substances was employed to isolate 
the turbid body AVhen kaolin was added and the fluid well shaken 
and allowed to settle, no clearing was noted, noi was there any oh 
adding animal charcoal, calcium hydroxid solution or hydrated sili- 
cate of aluminum Ferric hydroxid produced a precipitate with the 
first drop added, and further addition precipitated all suspended mat- 
ter, leaving a cleai supernatant fluid This clear fluid when dried and 
extracted contained no fat Arsenous sulphid gave no pi ecipitation 
When alkalis were added, no change was noted in the milkiness and 
no precipitate was formed, the fluids being always alkaline when 
freshly obtained and more alkaline as they became older, even though 
uncontaminated by bacterial growth When acids were added, no 
change was seen until the neutral point was passed and a of 5 was 
reached, when a flocculent precipitate formed and settled to the bottom 
Stronger acid produced a heavy precipitate, amounting to a coagulum, 
thus clearing the fluid The filtrate obtained by filtering through 
porcelain, when treated with acid to the same degree of acidity as 
determined by indicators placed directly m the fluid, formed no precipi- 
tate When more acid was added, a precipitate formed, more acid 
being required to form the first precipitate in the filtered than in the 
unfiltered 

By mutual precipitation of colloids, it is shown that a colloid of 
positive charge, such as feme hydroxid, will precipitate all protein 
and all fat, and that negatively charged colloids, such as arsenious 
sulphid, kaolin or charcoal, produce no change It is also seen that, 
when fat is present m the system, acidulation beyond the iso-electnc 
point of albumin and globulin causes a flocculent precipitation, but 
with the fat removed, acidulation beyond that point causes no precipi- 
tate or very little after considerable time Suspended fat is known to 
carry a negative charge, as explained later in the section on 
electrolysis, and globulin and albumin carry negatne charges 
when in an alkaline medium In an acid medium, fat suspen- 
sions are still negative, but protein becomes positive, we then have 
oppositely charged particles and mutual precipitation 

It was impossible to separate the turbid substance from other col- 
loids in suspension by any method tried, but whenever fat was precipi- 
tated, clearing resulted Likewise, whenevei clearing was obtained, 
fat had been precipitated 

EXTRACTION 

Extraction was employed to isolate suspended fat Shaking with 
ether or petroleum ether in a separatory funnel produced no clearing, 
and no matter how long the shaking lasted, it extracted veiy little fat 
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Addition of acids or of alkalis produced no additional clearing, but 
more fat was extracted when sufficient acid was added to produce a 
coagulum Never more than 30 mg of fat per hundred cubic centi- 
meters could be extracted by such methods, and this amount was 
unusual, the average being about 10 per cent of all extractable fat 
Removal of this fat had little clearing effect on the remaining fluid , 
on the contrar}, if shaking was much prolonged and ether kept in 
contact with the fluid for several days, a flocculent coagulum formed, 
causing more milkmess than before Petroleum ether had less coagu- 
lating effect than had sulphuric ether, but there was no clearing 
Shaking with kerosene did not produce clearing, e\en when kerosene 
was allowed to run through 300 c c of the fluid in a serpentine extrac- 
tor, at the rate of 8 liters every twenty-four hours for five weeks, no 
clearing could be noted 

When the fluids w^'ere vigorously shaken wnth ether, this became 
emulsified into the water of the fluid, forming a stiff semitransparent 
gummy mass, which prevented further agitation of the mixture and 
probably interfered with fat extraction After long standing, this 
mixture would settle into three layers, a watery layer below, clear ether 
on top, and a gummy, almost transparent layer betw’-een The watery 
layer w^as less milky than the original fluid and so was the middle 
layer, but when the ether was evaporated, the fluid promptly returned 
to Its original milkmess and the gummy layer disappeared The slight 
clearing effect was a result of the emulsifying of ether into a watery 
protein solution and not due to any fat solvent action 

By evaporating the entire fluid to dryness and pow^dering the 
residue, a constant amount of fat could be extracted in a Soxhlet 
apparatus Extracting the dried precipitate from acidulation, heat 
coagulation or W saturation constantly yielded similar results Con- 
tinued extraction for se\enty-twm hours usually removed all extract- 
able fat and left a dry, fine impalpable pow^der The figures for fat 
content given m the previous paper were from the dried residue 
extracted seventy-two hours with sulphuric ether This fat when 
extracted was found to consist largely of neutral fat and fattv acid, 
with traces of cholesterol and lecithin 

The powder found remaining in the extraction thimbles was not 
soluble in water, saline dilute acids or alkalis When triturated with 
water, a turbid mixture resulted, which rapidly sedimented out 
Stronger alkalis put this pow^der partly into a solution, from which 
vanous protein reactions could be elicited It was hoped that a soluble 
residue of protein would remain after complete extraction but the 
process of drying and extracting lendered most of the protein insoluble 
m anything but strong acids or alkalis Pioteol}tic enzymes, as found 
m commercial pancreatin, digested this residue, so as to form a 
moderately clear solution 
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The filtiate fiom poicclain filtiation when shaken with elhei formed 
a heavy gelatinous mass snnilai to that of the whole fluid and prolonged 
expostiie to ethei leinoved no fat but left considerable coagulum in the 
otherwise cleai filtrate, so that the fluid depiived of its turbidity and 
shaken with ethei behaves in no way difleiently fiom the oiiginal 
When shcdcen with a mixtuie of equal parts ether and alcohol, three 
of these fluids could be completely cleai ed (the two others weie not 
tiled), but this jiioceduie had to be earned out with speed and care 
As an ethei -alcohol mixtuie, unlike ethei alone, was fieely miscible 
with wateiy ascitic fluid, it was a better exti action fluid, but employ- 
ment of an excess of alcohol oi piolongcd exposuie to dilute alcohol 
coagulated piotein and obscuicd whatcvei dealing eflect solution of 
fat might bung about 

This dealing was best done m test tubes with fiom 5 to 7 c c of 
the fluid to be cleai ed An ethei and alcohol mixtuie was added, 1 cc 
at a time, and vigoiously shaken to accomplish mixing m the shortest 
time possible Veiy qtiickh anotbci cubic centimetei of the solvent 
was added and the tube quickly sh.iken When appioximately an 
equal \olume of solvent has been added, the mixtuie suddenly clears 
and lemains clear foi a few minutes It is never brilliantly clear, for 
small an bubbles aie included, but before the piotein coagulating eflect 
of the alcohol begins theie is a space of fiom a few seconds to a 
minute oi two in which the solution of suspended fat is accomplished 
When an excess of alcohol is added, milkmcss letuins and lemains 
If alcohol alone be added just short of the jiomt wheie it will coagulate 
piotein and then an excess of ethei, a similar dealing lesults 

That fat solution is accomplished by this ])iocess was proved by 
adding ether and alcohol in excess, thus coagulating all piotein After 
this, the ethei and alcohol mixtuie was boiled ofl at a very low tem- 
peiatuie When all tiaccs of alcohol weie gone, ethei alone was added 
to the watery suspension of coagulated piotein, and aftei ten minutes 
of gentle shaking m a se]>aiatoiy funnel, the ethei was decanted This 
was replaced by anothei volume of fiesh ethei, which, after the shaking 
had been repeated, was decanted d'hese two poitions of ethei when 
combined and evapoiated to diyness contained within a few milligiams 
of the total amount of exti actable fat of the specimen 

No such dealing as is woiked by ethei and alcohol combined can 
be done with peti oleum ethei and alcohol, foi watei will not mix fieely 
with a mixtuie of peti oleum ethei and alcohol 

In tiying to “shake out” the fat fiom these fluids and theieby dispel 
milkiness, we fail to remove fat because the fat solvent is not miscible 
with water (the continuous phase of the suspension), and therefore 
our solvent does not come m contact with the fat (the disperse phase) 
When the fat solvent can be made to mix with watei, it lemoves fat 
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to current, the dissociation of salt liberated so much hydrochloric 
acid and sodium hydroxid that the change m H-ion obscured any 
migration of the suspension To overcome this, the fluid was dialyred 
sixty hours m a Graham dialyzer, with 200 volumes of distilled water 
changed twice This usually diminished the salt content so that no 
reaction with AgNOg could be obtained During this process there 
was considerable precipitation and clumping, but, by Mgorous shaking, 
a fine suspension could be obtained, much like the original This 
was electrolyzed in cells of original design, so constructed that the 
substance electrolyzed was not affected by precipitation on electrodes 
or by precipitation from a change m H-ion, and the entire product 
could be removed for examination with no loss and no mixing 

In 01 der to get a better suspension, the fluids were in some instances 
diluted to SIX \olumes with water, so that sedimentation was not rapid 
enough to interfere with migration At the end of the experiment, 
usually in twelve or twenty-four hours, the electrolytic cells were 


Snvivtai iced Results of Five Expei iments 



Protein-Fat Ratio 

Protein-Fat Ratio 

pn 

Positive Cell 

Negative Cell 

9 

155 100 

240 100 

8 

300 100 

124 100 

7 

370 100 

212 100 

6 

112 100 

320 100 

5 

115 100 

308 100 

Control 9 

396 100 

376 100 


separated by taking apart the rubber connections , the cells were shaken 
out, and the total solids and total fat were determined by continuous 
extraction This was done at a pn of 9, 8, 7,6, 5, and the figures given 
herewith are the ratios of protein to fat m the positive and negative 
cells, respectn ely If we assume that no other solids than protein and 
fat remained after dialysis, the ratio of protein to fat in each cell repre- 
sents the degree of tiansportation by the electiic current The accom- 
panying table gu es the summarized results of five experiments 

When electrolysis was done at a pn on the alkaline side of the 
iso-electric point of protein, both protein and fat migrated to the posi- 
tive pole, making that cell very turbid and leaving the negative clear 
When it was done at a pn near the iso-electric point or at the acid side, 
fat continued to migrate to the positive, but protein went to the negative 
and both cells continued to be turbid However, after adjusting both 
cells to their original pn of about 9, the positi\e cell remained turbid 
and the negative one became much clearer So far as electrolysis was 
capable of separating suspended protein from fat, it was likewise 
capable of dispelling tuibidity in the former and concentrating it in 
the latter 
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imens of considerable volume frozen in a cooling chamber at 18 F 
show more pellicle than do those frozen by carbon dioxid 

“Cracking” the emulsion of these fluids by freezing resulted in 
distinct but not complete clearing This is probably accomplished by 
the crystallization of water with attendant crowding together of the 
suspensoid When colloid ice was formed by rapid freezing or by 
freezing accompanied by agitation, this “cracking” effect was wanting 
Freezing did not completely clear these fluids, but greatly supplemented 
the clearing of sedimentation 


PEPTIZATION 

Peptization was employed to reduce all protein to a simpler form 
that should not cause turbidit} When digested by proteolytic fer- 
ments — commeicial pepsin and pancreatm — these fluids were not 
changed in appearance The fermentation was controlled by digestion 
of suspended heat-coagulated piotein and by the biuret test before 
and after digestion It could be shown that, although digestion had 
gone to the peptone stage, there was no clearing of the specimen 
Heat-coagulated protein of the control uas completely cleared by the 
same ferment in the same time Peptization of the white fatty residue 
obtained by filtration uas tried with hydrochloric acid and pepsin 
This rendered the mixture more fluid, but did not appreciably clear 
it, even though a peptone biuiet reaction showed that protein had been 
well digested Pancieatic fermentation of the same filtrate also made 
this residue more fluid and cleared it somewhat, and here digestion 
w^as shown to have split up all heat-coagulable protein, ^et the clearing 
effect was very slight It must be remembered that this same digesting 
probably split some of the fat into fatty acids and contributed to 
clearing in that manner 

Peptization of the wdiole fluid or of its concentrated milky substance 
did not deal these fluids, but peptization of the lesidue in an extraction 
thimble left a much clearer solution 

Peptization at best is difficult to carry completely to the peptone 
stage wnth protein In these experiments, even though peptization ivas 
fairly complete, no clearing was noted so long as suspended fat ivas 
present, but wdien the fat w^as removed by extraction or by filtration 
and extraction combined, peptization cleared suspensions of the fat-free 
protein This is offered as evidence that the milkiness is due to fat 
and to no protein substance 


ELECTROLYSIS 

When these fluids w'ere viewed under a dark-field microscope m 
an electric field, there was migration of the suspension, piincipally to 
the positive pole, but there was no constant and uniform diiection of 
migration When they w^ere placed into an electrolysis cell and exposed 
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but at the same time coagulates piotem, thus foimmg a new cause for 
milkiness as soon as the old one is dispelled By caieful manipulation 
these two steps can he separated long enough to permit a clear peiiod 
between the solution of fat and the coagulation of piotem, and this 
dealing is just enough to demonstrate that the original milkiness was 
due to fat 

That this solvent action of ether and alcohol is explained by so 
simple a matter as miscibility is doubted by Sollmann He has obsei ved 
the behavioi of an oil-watei system, with addition of ethei and then 
of alcohol He saw a distinct swelling of oil droplets aftei the addition 
of ethei and a fusion of these droplets aftei the fuithei addition of 
alcohol, which indicates that the solvent enters, but that surface foiccs 
prevent fusion of the solvated pai tides, and fuithei, that alcohol loweis 
the suiface tension so that solvated globules can fuse It was also 
obsei ved undei the micioscope by Di Sollmann that, on the addition 
of small amounts of calcium chloiid to these fluids, the pai tides in 
suspension flocculated but did not fuse This flocculation did not alter 
the gloss appeal ance of the fluid materials, but did modify the late 
and degiee of ethei exti action In one instance, up to 35 pei cent fat 
could be shaken out, with consideiable dealing The explanation of 
these phenomena is simplified if we accept the geneially believed theory 
that these fat pai tides aie suiiounded by a thin film of soap, piobably 
a sodium soap In this case the calcium displaces the sodium and 
foims a calcium soap, which is less hydiophilic and, as seen by the 
dumping, moie easily agglutinated 

Calcium soap films would piesumably be moie easily passed by 
ethei than sodium soap films and would theiefoic be moie easily 
shaken out Fuithei moie, it can be piesumed that, with a less hydio- 
philic soap membiane, theie would be a use m the solubility quotient 
solubility ctiicr lesultinof 111 easiei extraction One must also considei 

solubility inter’ ^ 

changes in solubility due to a modification of suiface tension oi surface 
chaige when sodium soap has been displaced by calcium soap 


FREHZING 

Freezing is known to “ciack” emulsions, and it was employed foi 
that puipose It coagulated a few flakes of piotem and changed the 
geneial appeaiance teiy little, but if the specimen was centrifuged 
vigoiotisly, a much widci and thickei cieamy jiellicle was bi ought up 
than was possible befoie fieezing Veiy little dealing could be noticed 
by fieezing and centiifuging If a specimen is centiifuged for one 
houi and all pellicle lemoved, and the process is repeated until none 
foims, this specimen, on being frozen and centiifuged again after 
thawing, will form a quite heavy pellicle and be appreciabl} clcaicd 
This change is best accomplished by a slow piocess of fieezmg Spec- 



148 


ARCHIVES OF INTERNAL MEDICINE 


The filtrate from porcelain filtiation when shaken with ether formed 
a heavy gelatinous mass similar to that of the whole fluid and prolonged 
exposure to ether removed no fat but left considerable coagulum in the 
otherwise clear filtrate, so that the fluid deprived of its turbidity and 
shaken with ether behaves in no way dififerentl} from the original 
When shaken with a mixture of equal parts ether and alcohol, three 
of these fluids could be completely cleared (the two others w'ere not 
tried), but this procedure had to be carried out with speed and care 
As an ether-alcohol mixtiue, unlike ethei alone, w^as freely miscible 
with wmtery ascitic fluid, it w'as a better exti action fluid, but emplo}- 
ment of an excess of alcohol or prolonged exposure to dilute alcohol 
coagulated protein and obscuied whatexer clearing effect solution of 
fat might bring about 

This clearing xvas best done m test tubes with from 5 to 7 cc of 
the fluid to be cleared An ether and alcohol mixture xvas added, 1 c c 
at a time, and vigorously shaken to accomplish mixing m the shortest 
time possible Ver} quicklx another cubic centimeter of the solvent 
xvas added and the tube quickly shaken When approximately an 
equal xolume of solvent has been added, the mixture suddenl} clears 
and remains clear foi a fexv minutes It is nexer brilliantly clear, for 
small air bubbles are included, but before the protein coagulating effect 
of the alcohol begins theie is a space of from a fexv seconds to a 
minute or txvo in xvhich the solution of suspended fat is accomplished 
When an excess of alcohol is added, milkiness returns and remains 
If alcohol alone be added just short of the point xxhere it xvill coagulate 
protein and then an excess of ether, a similar clearing results 

That fat solution is accomplished by this piocess xxas proved by 
adding ether and alcohol in excess, thus coagulating all protein After 
this, the ether and alcohol mixture xvas boiled oft at a xery loxv tem- 
perature When all traces of alcohol xx-^ere gone, ether alone xx^as added 
to the xvatery suspension of coagulated protein, and after ten minutes 
of gentle shaking in a separatory funnel, the ethei xvas decanted This 
xvas replaced by another x'^olume of fresh ether, xxdnch, after the shaking 
had been repeated, xvas decanted These txxo poitions of ether xxdien 
combined and ex^aporated to dryness contained xvithin a fexv milligrams 
of the total amount of extractable fat of the specimen 

No such clearing as is xx’’orked by ether and alcohol combined can 
be done xvith petroleum ether and alcohol, for xx^ater xvill not mix freely 
xvith a mixture of petroleum ether and alcohol 

In trying to “shake out” the fat from these fluids and thereby dispel 
milkiness, xve fail to remox'-e fat because the fat solx^ent is not miscible 
xvith xvater (the continuous phase of the suspension), and therefore 
our solx'^ent does not come m contact xvith the fat (the disperse phase) 
When the fat solvent can be made to mix xvith xvater, it removes fat 
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to current, the dissociation of salt liberated so much hydrochloiic 
acid and sodium hydroxid that the change m H-ion obscured any 
migration of the suspension To overcome this, the fluid was dialyzed 
sixty hours in a Giaham dialyzer, with 200 volumes of distilled water 
changed twice This usually diminished the salt content so that no 
reaction with AgNOg could be obtained During this process there 
was considerable precipitation and clumping, but, by vigorous shaking, 
a fine suspension could be obtained, much like the original This 
was electrolyzed in cells of oiigmal design, so constructed that the 
substance electrolyzed was not affected by precipitation on electrodes 
or by precipitation from a change in H-ion, and the entire product 
could be removed for examination with no loss and no mixing 

In order to get a better suspension, the fluids were m some instances 
diluted to SIX volumes with water, so that sedimentation was not rapid 
enough to interfeie with migration At the end of the experiment, 
usually in twelve or twenty-four hours, the electrolytic cells were 


Summa) ized Results of Five Expei tiiicnts 



Protein-Fat Ratio 

Protein-Fat Ratio 

pn 

Positive Cell 

Negative Cell 

9 

155 100 

240 100 

8 

300 100 

124 100 

7 

370 100 

212 100 

6 

112 100 

320 100 

5 

115 100 

308 100 

Control 9 

396 100 

376 100 


separated by taking apai t the i ubber connections , the cells were shaken 
out, and the total solids and total fat were determined by continuous 
extraction This was done at a />h of 9, 8, 7, 6, 5, and the figures given 
herewith are the ratios of protein to fat m the positive and negative 
cells, respectively If we assume that no other solids than protein and 
fat remained after dialysis, the latio of protein to fat m each cell repre- 
sents the degree of tiansportation by the electiic current The accom- 
panying table gi\es the summarized results of five experiments 

When electrolysis was done at a pa on the alkaline side of the 
iso-electric point of piotein, both protein and fat migiated to the posi- 
tive pole, making that cell very turbid and leaving the negative clear 
When It was done at a pn near the iso-electnc point or at the acid side, 
fat continued to migrate to the positive, but piotein went to the negative 
and both cells continued to be turbid However, after adjusting both 
cells to their original pn of about 9, the positive cell remained turbid 
and the negative one became much clearer So far as electrolysis was 
capable of separating suspended protein from fat, it was likewise 
capable of dispelling turbidity m the former and concentrating it in 
the latter 
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imens of considerable volume frozen in a cooling chamber at 18 F 
show more pellicle than do those frozen by carbon dioxid 

“Cracking” the emulsion of these fluids by freezing resulted in 
distinct but not complete clearing This is probably accomplished by 
the crystallization of water with attendant crowding together of the 
suspensoid When colloid ice was foimed by rapid freezing or by 
freezing accompanied by agitation, this “ciackmg” effect was wanting 
Freezing did not completely clear these fluids, but greatly supplemented 
the clearing of sedimentation 


PEPTIZATION 

Peptization was employed to reduce all protein to a simpler form 
that should not cause turbidity ^^fl^en digested by proteolytic fer- 
ments — commercial pepsin and pancreatin — these fluids were not 
changed m appearance The fermentation was controlled by digestion 
of suspended heat-coagulated piotein and by the biuret test before 
and after digestion It could be showm that, although digestion had 
gone to the peptone stage, there wms no clearing of the specimen 
Heat-coagulated protein of the control w'as completely cleared by the 
same ferment in the same time Peptization of the wdnte fatty residue 
obtained by filtration w^as tried wuth hydrochloric acid and pepsin 
This rendered the mixture moie fluid, but did not appreciably clear 
it, even though a peptone biuret reaction showed that protein had been 
well digested Panel eatic fermentation of the same filtrate also made 
this residue more fluid and cleared it soniewdiat, and here digestion 
w^as showm to have split up all heat-coagulable protein, "s et the clearing 
effect was very slight It must be remembered that this same digesting 
probably split some of the fat into fatty acids and contributed to 
clearing in that manner 

Peptization of the whole fluid or of its concentrated milky substance 
did not clear these fluids, but peptization of the residue in an extraction 
thimble left a much clearer solution 

Peptization at best is difficult to carry completely to the peptone 
stage wnth protein In these experiments, even though peptization w^as 
fairly complete, no clearing w^as noted so long as suspended fat w^as 
present, but wdien the fat was removed by extraction or by filtration 
and extraction combined, peptization cleaied suspensions of the fat-free 
protein This is offered as evidence that the milkmess is due to fat 
and to no protein substance 


ELECTROLYSIS 

When these fluids were viewed under a dark-field microscope in 
an electric field, there was migration of the suspension, pimcipally to 
the positive pole, but there was no constant and uniform direction of 
migration When they were placed into an electrolysis cell and exposed 
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again each day until the fifth or sixth, when both dogs had to be killed 
on account of empyema and pneumothorax 

These fluids were ver}'’ milky, with considerable blood and exudate 
On centrifuging, many cells were tlirown down, and a thin cream} layer 
was formed When the cells and cream were removed, the bulk of the 
fluid was “pseudochylous,” but with a rather high protein content 
The average fat content befoie centrifuging was 200 mg per hundred 
cubic centimeters The averages after centrifuging were specific 
gravity, 1050, total nitiogen, 900 mg per hundred cubic centimeteis, 
total fat, 40 mg pei hundi ed cubic centimeters 

When treated by fuither centiifuging, by sedimentation, filtenng, 
heat coagulation, salting out, mutual piecipitation, extraction of peptiza- 
tion, these fluids behaved in every lespect like the pseudochylous fluids 
tested above, so fai as their milkiness was concerned This demon- 
strates that chyle can be the souice for finely suspended fat such as is 
seen m pseudochylous fluids 

In Vitio — To synthesize fluids as accurately as possible, it is 
necessaiy to obtain a very finely divided suspension of oil, which may 
be added to perfectly clear ascitic fluid until the natural fluids are 
matched as to milkiness The fiist attempt to secure such a synthetic 
fluid was made by dissolving cod liver oil in ether, 1 5 gm to 90 c c 
This ethei-oil solution was floated on the top of 1 liter of distilled water 
in a mixing cylinder and veiy vigoiously shaken This much ether 
mixes readily with a htei of water, leaving the oil finely divided and 
suspended The suspension even with vigorous shalcing is not perma- 
nent, and if not further treated soon settles out as a cream Befoie 
settling took place, the mixtuie was twice run througli an homogenizer 
at about 800 pounds’ pressure The homogenizer was of the Manton- 
Gaulin type, in which coarse oil suspensions are forced thiough the 
very narrow slit between a valve and a valve seat Powerful electric 
pumps force the droplets through by breaking them into fragments 
Before being homogenized, the suspension was scaicely turbid, but 
aftei homogenization it was veiy milky Air was then bubbled through 
for several hours, and all tiaces of ether removed After a week or 
more, a cream came up, and the milkiness was somewhat diminished 
The undei lying fluid was siphoned out, and remained unchanged sev- 
eral months This fluid added to cleai ascitic fluid made a good “pseudo- 
chylous” ascitic fluid It contained about 50 mg of fat per hundred 
cubic centimeters, and 300 mg of piotein 

A second water suspension was made with liquid petrolatum, but 
this mixture was not very stable and continued to form a cream, so 
that, after two months, there were m suspension but 5 mg of oil per 
hundred cubic centimeteis, although the mixture was still quite milky 
m appearance A third suspension was made from fat extracted from 
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dialysis 

Dialysis of these fluids was of no assistance in examining the turbid 
substance When thin collodion sacs weie used, both protein and fat 
dialyzed through and both sides were turbid Thick collodion films 
and parchment allowed salts to dialyze out, precipitating protein and 
fat, and cleanng resulted 

SUMMARY or AXALVSES 

Analyzed chemically, pseudochylous fluids are invariably found to 
be of the nature of piotein-poor blood serum to which has been added 
a substance in no way foreign to blood serum but still causing turbidity 
Emulsified fat was found in all the specimens here examined, and 
evidence was presented to prove that by proper methods fat can always 
be found 

By physical methods of analysis, such as filtration, freezing, elec- 
trolysis and sedimentation, no turbid substance could be isolated, but 
one could be concentrated and otherwise much restricted, and it was 
always found to be emulsified fat 

Microscopic examination showed oil globules wdierever turbidity 
w^as concentrated, but in the mam the turbid substance w'as so finely 
divided as to present colloid properties 

Physicochemical methods for the analysis of colloids, such as salting 
out and mutual precipitation, like purely physical methods, could not 
isolate but only concentrated the turbid substance, and here again it 
was found to be emulsified fat 

Selective solubility of proteins, as by peptization, did not dispel 
turbidity, but selective solubility of suspended fat, as by ether and 
alcohol, did dispel turbidity 

From these facts one may conclude that fat is the turbid substance 
By recognizing the colloid natuie of suspended fat, one is able to 
explain the difficulties that have prevented the acceptance of the fat 
theory, especially the difficulties in sedimenting, in shaking out and 
in salting out, for colloid fat is very’- different from fat in larger masses 

SYNTHESIS 

In Vivo — To prove that chyle may be the source of such minutely 
divided fat, milky effusions were produced m tw’^o dogs b)'’ making a 
thoracic duct fistula into the thoiax Five dogs w^ere operated on 
only two successfully The operation was in twm stages By the 
preliminary one, the duct in the neck was tied off, and by the mam 
one, tw^o days later, a rib w^as resected and a section of the duct excised, 
so that a fistula was produced The day followung the operation, several 
hundred cubic centimeters of bloody, milky fluid w^ere obtained, and 



BLAN KEN HOR\— MILKY ASCITIC FLblDS 1j5 

natural fluid containing this amount was more turbid No oil could lie 
made to pass a porcelain filter, and as much as 80 mg per hundred cubic 
centimeters of cod liver oil suspension would stand centrifuging indefi- 
nitely without settling out Peptization and heating to the boiling point 
with acid had no effect, there being no protein present Salting out with 
ammonium sulphate at one-half saturation always cleared all thiec 
systems, and salting to less than one-half saturation would clump up 
the pai tides to form a watery layer on top Salting with saturated 
‘=odium chloric! in the presence of acid cleared them completely, as did 
mutual precipitation with any positively charged colloid, if used in 
proper amount, as determined by trial Extraction by shaking c\ith 
ether, even when long continued, did not clear any but the mineral oil 
systems and then not completely, but shaking with ether and alcohol 
mixture cleared them all three completely and instantly Freezing 
when done giadually cleared them, but if it was done lapidly, especiall} 
if the tubes were agitated while freezing, the dealing was not complete 
Electrolysis always caused these suspensions to migrate completely to 
the positive pole in acid or alkaline mediums 

From these results, it can be seen that suspended fat, even when 
not very finely divided, can account for milkiness that will not filter out 
with paper, will not settle out by gravity and will not shake out with 
ether alone, but will salt out, and these were the principal arguments 
wheieby turbidity was ascribed to protein and the teim pseudochylous 
came to be introduced 


ADSORPTION or PROTEIN 

Although It is not essential to an investigation into the milkmess ot 
these fluids, it is interesting to speculate what relation there mav be 
between fat and protein in either the natural fluids or the synthetic 
When fats and protein aie both in an alkaline medium and hence freel> 
suspended, there may be no relation other than that of two sepaiate 
dispersoids m the same continuous phase The great difficulty found in 
separating them may be due altogethei to the similarity of their prop- 
erties as colloids in suspension 

When the two substances are collected together from their Mater> 
medium, they are never found m constant ratios, as can be seen by 
making total nitrogen determinations on measured amounts of precipi- 
tate removed by filtration, heat coagulation, salting out oi electroljsis 
This militates against any chemical union of the two substances 

The physical relation of adsoiption must be considered, for it is a 
property common to colloids in suspension to adsorb substances 
Adsorption probably takes place when acidulation or heat coagulation 
removes both these substances from suspension, but then we ha^e altered 
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natural ascitic fluid, simple shaking being relied on, without homogeni- 
zation, which requires very large volumes on account of tlie capacity 
of the machine This suspension was stable at 100 mg per hundred 
cubic centimeters, and was very milky 

All three synthesized fluids resembled the natural \ery closely in 
gross appearance, but microscopically the fat particles were very much 
larger, and the addition of protein did not alter their size, arrangement 
or brownian movement When these fluids were tested by the methods 
used on the natural fluids, veiy few difterences were noted, and none 
of them were in essentials Filtering through paper removed nothing 
from any specimen except from the one made with mineral oil In this 
one, the fat particles were largest, but filtering through porcelain 
removed all fat Sedimentation except in the mineral oil system 
removed nothing either up or down, but heat coagulation with weak 
acids completely cleared them all Salting out showed the same clearing 
effects as in the natural fluids , whenever any globulin was precipitated, 
fat was also precipitated, and clearing resulted Mutual precipitation 
reactions were also the same as in the natural fluids, fat w'as precipi- 
tated by any'- colloid bearing a positive charge, and whenever globulin 
was precipitated, fat was likewnse precipitated As in the natural 
fluids, very slight acidulation, just sufficient to go beyond the iso-electric 
point of serum albumin, ga^e maiked flocculation but not complete 
clearing Extraction ga\e the same results as before, but simple shak- 
ing wuth ether partly cleaied the mineral oil system Shaking wnth 
ether lemoved no fat from the cod h\er oil s\stem, but ether and alco- 
hoi cleared it promptly Freezing partly cleaied all thiee systems by 
precipitating protein and causing cream to come up Peptization partly 
cleared both the cod liver oil and the natural human fat systems, but 
did not affect the mineral oil system Electroly'sis showed a concentra- 
tion of fat ahvays to the positive pole, and in an alkaline medium a 
concehtration of protein to the negatne, but it never accomplished a 
complete separation 

To summarize the lesults of examining these synthetic fluids, it 
must be said that they differ from the natural only m minor points, and 
the difference can be largely accounted for by poor homogenization , for 
no artificial means tried here could break up oils and fats into such 
small particles as naturally occur In synthetic fluids, fat alone can 
cause milkiness 

In order to determine wdiat role fat alone might play in detennm- 
ing the physical characteristics of milky fluids, simple oil-w'ater systems 
of cod liver oil, mineral oil and human fat, made as described above, 
except that no ascitic fluid oi other protein was added, w'ere examined, 
with the following results 

Milkiness, as determined by'^ reading print through tubes, w'as quite 
marked with as low as 20 mg per hundred cubic centimeteis, but a 
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WATER INTOXICATION 
LEONARD G ROWNTREE, MD 

ROCHESTER, MINN 

Strange as it may appear, little or nothing is known concerning the 
effects of an excessive intake of water Statements such as “even w ater 
must be toxic” are lieaid almost daily, yet the toxicity attending 
excessive ingestion of water has been taken for granted rather than 
proved So fai as I am aware the symptoms of water poisoning and 
the mode of death in water intoxication have never been determined 
This IS due, in part, to the fact that quantities in excess of those taken 
voluntarily are necessaiy for its production, and that the idle of water 
intoxication in pathologic conditions has not as yet been fully appreciated 

Nature has provided adequately against water intoxication The 
sensation of satiety following the ingestion of small or moderate quan- 
tities of water renders the subsequent ingestion of larger amounts 
increasingly difficult The pylorus prevents the sudden or immediate 
egress of large volumes of water, and consequently excessive ingestion 
results in gastric distention, which is followed in man, and in certain 
animals, by regurgitation and. vomiting In some animals diarrhea 
results Water is an extremely effective diuretic Absorption of large 
quantities promptly induces diuresis which prevents accumulation in 
the body Thus, the factor of safety is great 

THE TOXICITY OF WATER FOR LOWER ORDERS 

The toxicity of puie, fresh and distilled water for the lower orders 
of life, especially for fish, for isolated organs, for unicellular organisms 
and for certain cells, has been the subject of many investigations since 
the time of Paul Bert,^ who, m 1866, ascribed the toxic effect of fresh 
water for the mullet to the difference in osmotic pressure between fresh 
water and sea water, causing the tissues to absorb water in excess 
Plateau, 2 in 1871, ascribed the toxic effect of fresh water for marine 
crustaceans to the diffusion of salts from the organism, an explanation 

*From the Division of Medicine, The Mayo Foundation 

*The word “intoxication” as used here designates poisoning and has no 
reference to alcohol intoxication 

1 Bert, P Note sur la inort des poissons de mer dans I’eau douce Mem 
de la soc d sc phys et Naturelles d Bord , 4 47-49, 1866 

2 Plateau, F Recherches phs'sico-chimiques sur les articules aquatiques, 
Mem d I’acad Roy d Belgique 36 , 1870 Quoted by Bullot 
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the piotein by reversing the electric charge from negative to positive, 
while the fat remains unchanged A fusion in the nature of adsorp- 
tion then occurs between particles 

In the synthesized milky fluids that remain stable, there was no 
adsorption demonstrable This was tested by two experiments 

Protein was added to a supersaturated oil-water system before any oil 
had settled out After twenty-four hours, wdicn a heavy cream had come to 
the top, the C 3 ]inder, which w'as IS cm long and held 100 cc, was pipetted into 
tw'o halves, an upper and a lower, and a nitrogen determination w'as made on 
equal amounts of top and bottom, discarding, bj w'ay of precaution against 
protein sedimentation, the ^ er} bottom 2 or 3 c c The total amounts of 
nitrogen on top and on bottom w'ere almost equal, show'ing no concentration of 
protein at the top By this process of “flotation,” it was expected that protein, 
if adsorbed to fat particles would he concentrated at the top wuth the fat, 
but there wms no concentration 

The problem was approached from another angle b}' adding protein to a 
w'ater}' suspension of cod Iner oil that had been deprived of all cream by 
settling and siphoning, and had been homogeneous for a long time This 
procedure determined the maximum size at which fat particles could stay free 
in suspension Blood serum wms then added, the protein in w’hich was free to 
be adsorbed to the fat particles and thereby augment their size above the 
maximum, so that a cream should develop After a week, no cream had come 
up, nor was the turbidity increased 

\^''hile neithei of the foregoing is a critical experiinent, they are 
cited as evidence against adsorption of protein to fat Whether any 
substances other than piotein ma) be adsorbed to fat particles need 
not be consideied in this iiw estigation, but there is a possibility of soap 
in this role While no soap could be discovered, it may still be present 
m quantities sufficient to form a surface film over particles of fat This 
IS suggested by the fact that mineial oil, ivhich cannot saponif} when 
suspended in pure water, made a much less stable s}stem than did cod 
Iner oil or human fats, both of ivhich may be saponified b} the alkali 
present in the serum , and it is further suggested by the phenomenon 
seen on the addition of calcium and noted above under extraction 

SUMMARY AND CONCLUSIONS 

Five so-called pseudochylous fluids examined chemically were found 
to be protein-poor blood serum made turbid by some unknown sub- 
stance This substance was found by selective solubility, partial isola- 
tion, concentration and other restriction to be emulsified fat, so finely 
divided that it had assumed properties common to colloids 

operating on the thoracic duct, dogs w'ere made to develop 
pseudochylous fluids from chyle 

Pseudochylous fluids were synthesized from oil-3vater mixtures 
By recognizing the colloid properties of suspended fat, we discover 
the fallacies whereby the term pseudochylous originated The term 
pseudochylous is misleading and should be discarded 
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latter ascribing the toxicity encountered to the properties of distilled 
water itself He also found that the addition of sodium chlorid sup- 
pressed this toxicity Sufficient sodium chlond to yield 8 100,000 
molecular salt solution sufficed to o\ ercome the toxic properties of 
distilled water 

TOXICITY RESULTING IN MAN FROM EXCESSIVE INGESTION 

OF WATER 

Excessive ingestion of water is rarely encountered clinically in 
health or m disease, except, perhaps, m certain febrile diseases and in 
diabetes insipidus In health, possibly, the largest amounts have been 
ingested in experiments concerned in investigations of the physiology 
of diuresis Thus, in the experiments of MacCallum and Benson 
as much as 2,500 c c was ingested m the course of two hours and the 
output of urine reached 20 c c each minute Priestley^"* drank two 
liters of water within fifteen minutes In one experiment he took 5,500 
c c of fluid within six hours During the same period he passed 5,460 
cc of urine Diuresis reached the rate of 1,200 cc each hour with 
a total output for a single hour of 888 c c Amberg and Austin,^® in 
the study of skin elasticity, imbibed three liters of water within twenty 
minutes Amberg says that elastometric measurements could not be 
made because of the development of tremor and muscle twitching 
In typhoid fever large quantities of water, five, six or even from 
eight to twelve liters each day, have been and are still used at times 
without the appearance of untoward symptoms Miller and Williams,^'' 
on administering water up to ten liters each day to patients suffering 
from chronic nephritis and hypertension, noted marked increase of 
blood pressure, headache, dizziness, restlessness, chills, fulness of the 
abdomen, vomiting, dyspnea, cramps in the legs, and marked increase in 
weight These results are in striking contrast with the entire absence 

12 Pure water, as distinguished from distilled water, has been studied by 
Kohlrausch and Heydweiller From the standpoint of electrical conductivity, 
water purer than distilled water may be obtained from freshly melted ice from 
glaciers in high mountains According to Hans Koeppe (Reines Wasser seme 
Giftwirkung und sem Vorkommen in der Natur, Deutsch med Wchnschr 24 
624-626, 1898), such pure water does not slake the thirst and is inherently toxic, 
leading to vomiting and gastric catarrh However, he furnishes no details 
relative to this toxicity 

13 MacCallum, A B , and Benson, C C On the Composition of Dilute 
Renal Excretions, J Biol Chem 6 87-104, 1909 

14 Priestley, J C The Regulation of Excretion of Water by the Kidneys, 
J Physiol 1 304-311, 1916 

15 Amberg, S , and Austin, R S Personal communication 

16 Miller, J L, and Williams, J L The Effect on Blood Pressure and 
the Nonprotein Nitrogen in the Blood of Excessive Fluid Intake, Am J Sc 
161 327-334, 1921 
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given by J Loeb ^ for the same phenomena which he observed in his 
studies on a marine gammarus 

The toxicity of distilled and of fresh water for lower species was 
a topic of lively discussion toivard the close of the last century Ringer 
and his collaborators/ in a series of papers published from 1883 to 

1894, held that distilled water was strikingly toxic for the goldfish, the 
minnow, the sticklebock, the eel, the newt, the tadpole, the egg of the 
frog and for a fresh water worm, Tubifex iwulorum He demon- 
strated that distilled water caused the disappearance of ciliary motion 
m less than twenty-four hours in the vibratile epithelium of the gills 
of the anadon He ascribed toxicity of distilled water to (1) sub- 
traction from the organism of salts essential to life, (2) penetration of 
water into cells according to the laws of osmosis, and (3) imbibition of 
water by intercellular substances But in 1893, there appeared a 
posthumous publication of a paper written by Naegeli “ in which he 
proved that in his series of experiments traces of copper in the water 
were the sole cause of death for the fresh water alga, Spirogyra These 
traces were carried over from the still during distillation It was found 
that copper in dilution of 1 77,0CX),000 sufficed to kill Locke,® in 

1895, repeated some of these studies and showed that water distilled 
from and kept in glass is innocuous for tadpoles and Tubtfcx 
iividonim Ringer,' in 1897, confirmed these findings The lack of 
toxicity of distilled water for the paramecium was demonstrated by 
Jennings ® m 1897, for the young trout and tadpole by Moore® in 1900, 
and for a fresh water planarian. Plana) la inaculata, by Lillie m 1900 

On the other hand, the toxicity of distilled water for the fresh water 
gammarus has been definitely proved by Loeb and by Bullot,^^ the 

3 Loeb, J Ueber die relative Giftigkeit von Destillirtem Wasser, Zucker- 
losungen und Losungen von einzelncn Bestandtheilen dcs Seewassers fur 
Seethiere, Arch f Physiol 97 394-409, 1903 

4 Ringer, S , and Phear, A G The Influence of Saline Media on the 
Tadpole, J Physiol 17 423-432, 1894 

5 Nageli, C Ueber oligodynamische Ersheinungen in lebenden Zellen, 
mit einem Vorwort von S Schwendener und einem Nachtag von C Cramer, 
Denkschriften d Schweiz Naturforsch Gesellsch 33 , 1893 Quoted bv Locke 

6 Locke, F S On a Supposed Action of Distilled Water as Such on 
Certain Animal Organisms, J Physiol 18 319-331, 1895 

7 Ringer, S The Action of Distilled Water on Tubifex, Proc Phys Soc, 
J Physiol 22 14-15, 1897 

8 Jennings, H S Studies on Reactions to Stimuli m Unicellular Organ- 
isms I Reactions on Chemical, Osmotic and Mechanical Stimuli in the Ciliate 
Infusoria, J Physiol 21 258-322, 1897 

9 Moore, A Further Evidence of the Poisonous Effects of a Pure 
Sodium Chlorid Solution, Am J Physiol 4 386-396, 1900 

10 Lillie, F R Some Notes on Regeneration and Regulation m Planarians, 
Am Naturalist 34 , 1900 Quoted by Bullot 

11 Bullot, G On the Toxicity of Distilled Water for the Fresh Water 
Gammarus Suppression of This Toxicity by the Addition of Small Quantities 
of Sodium Chlorid, California University Publication, Physiology 1 198-217, 
1904 
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THE experimental INDUCTION OE ACUTE W \TER INTOXI- 
CATION IN MAMMALIANS 

Considering it likely that water was responsible for the intoxication 
and that pituitary extract favored its development through lessening 
the rate of excretion and lowering the rate of water exchange, or 
through rendering easier its escape from the vascular system into the 
tissues, I continued the research In this series of experiments water 
was administered at a more rapid rate, that is, 50 c c of water for each 
lologram of body weight every half hour instead of every hour, as m 
the earlier experiments This amount insures an intake of watei 
greater than the capacity of the organism to excrete it The adoption 
of this simple modification m technic has proved very efficacious and 
has regularly resulted m the development of the manifestations of 
water intoxication Tap water’-® or distilled water (from blocked tin 
or glass), irrespective of its temperature, has proved equally toxic 
Water intoxication has been produced m dogs, cats, rabbits and 
guinea-pigs 

Water was administered readily to all of these animals through the 
use of an appropriately sized stomach tube and the mouth gag For 
gumea-pigs, the ureteral catheter answered admirably The handling 
of cats and rabbits is simplified through the use of the box method 
employed by Keyser Prior to the administration of water, the weight 
and temperature of the animals were taken This was repeated at the 
onset of convulsions and again at the close of the experiment In all 
experiments, water was administered at intervals of one-half hour In 
the mtenm the animals were removed from the box, placed m a cage or 
on the floor and kept under careful observation Subsequent to the 
development of convulsions they were returned to their cages, except 
when death seemed imminent, under which conditions observations were 
continuous A necropsy was performed as soon after death as possible 

THE MANIFESTATIONS OF WATER INTOXICATION IN 
VARIOUS ANIMALS 

Reference has been made to the character of the symptoms of water 
intoxication encountered m animals subsequent to the administration of 
pituitary extract Generally speaking, the clinical picture is much the 
same whether or not pituitary extract is used However, m animals 

19 An analysis was made March 4, 1920, by the Minnesota State Board of 
Health of the water supply of Rochester, Minn The report states ‘‘The field 
survey shows conditions which are satisfactory from a sanitary point of view, 
and in the analytical results indications of contamination were not found The 
water from this supply can be considered safe for public consumption ” 

20 Keyser, L D A Box for Handling Small Animals in the Laboratorj, 
J Lab & Clin M 7 761-762, 1922 
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of symptoms in patients with diabetes insipidus who ingest similar 
amounts In this disease, the rate of water exchange is high, not 
infrequently at a higher level than from 10 to 12 liters each day, and it 
may be maintained at this level for months or years without the appear- 
ance of untoward symptoms, such are are seen m water intoxication In 
Trousseau’s case, the highest rate of water exchange on record, the 
urinary output was 43 liters each day, and the water intake 40 liters 
With the water balance set at this almost unbelievable level, no signs 
of water intoxication developed, probably because of the prompt elimi- 
nation of water In all probability it is not the quantity of water 
ingested or the rate of water exchange, but rather an intake in excess 
of the ability of the body to excrete, that is, a positive balance with 
water accumulation m the body, which is responsible for the develop- 
ment of water intoxication On the other hand, it may be due to the 
excess of water robbing the body of salt 

WATER INTOXICATION SUBSEQUENT TO THE ADMINISTRATION 
or PITUITARY EXTRACT 

Recently Larson, Weir and Rowntree called attention to the 
peculiar form of intoxication resulting from the excessive intake of 
water subsequent to subcutaneous administration of pituitary extract 
Three patients with diabetes insipidus, after receiving pituitary extract 
subcutaneously, continued to take water in the amounts to which they 
had become accustomed, that is, at the rate of from 8 to 10 liters each 
day Within a few hours, headache, nausea, asthenia, incoordination 
and staggering gait developed and in one instance slight subcutaneous 
edema The toxic manifestations were extremely'’ severe and m one 
instance became alarming and occasioned grave concern to those m 
attendance 

Owing to the severity of the reaction in man, experiments were 
carried out solely on animals Water intoxication was readily induced 
in dogs through excessive ingestion of water subsequent to the sub- 
cutaneous administration of pituitary extract The symptoms of poison- 
ing were asthenia, restlessness, frequency of urination, diarrhea, saliva- 
tion, nausea, retching, vomiting, tremor, muscle twitching, ataxia, con- 
vulsions, frothing at the mouth, stupor and coma, ending in death in a 
large proportion of the animals In reporting this work, the authors 
asserted that this intoxication could not be induced by pituitary extract 
alone or by water alone, but only by the combination of the two 

17 Trousseau, A Lectures on Clinical Medicine London Hardwicke, 1867 

18 Larson, E E, Rowntree, L G, and Weir, J F Studies in Diabetes 
Insipidus, Water Balance, and Water Intoxication, Arch Int Med 29 306-33U 
(March) 1922 
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development of this intoxication in a dog and its disappearance under 
sodium eWorld solution 

In cats suffering from water intoxication, retching is violent but 
vomiting is infrequent In fact, convulsions often develop during, or 
soon after, the beginning of the first spell of retching or vomiting 
Diarrhea is common Stupor is marked Convulsions are, perhaps, 
somewhat less violent than in dogs and are succeeded, as a rule, by 
asthenia and stupor If animals survive they appear to be normal 
within a few hours (Table 2) 


TABLE 2 — Water Intoxication in a Cat 


Time 

Weight, 

Water Intake, Temperature, 


Cc 0 

Remarks 

8 45 a m 

30 

125 35 5 


9 15 a m 


125 


9 45 a m 


125 


10 15 a m 


125 

Vomited 

10 45 a m 


125 


11 15 a m 


125 

Salivated 

11 45 a in 

34 

125 

Vomited 

12 15 p m 


125 


12 45 p m 


125 

Atn\ic 

1 15 p m 


125 


1 45p m 

35 

125 37 0 


2 15 p m 


125 


2 45 p m 

2 48 p m 

37 

125 37 0 

Typical convulsion, head retract- 




ed, running movements of legs, 
ejes dilated, respiration shallow 




and rapid, and asthenia and 
stupor 

2 55p m 



About 15 cc fluid obtained with 



stomach tube, death during 
night 



TABLE 3 — Water Intoxication in a Rabbit 



Weight, 

Water Intake, 

Temperature, 

Time 

Kg 

C c 

C 

RemnrlvS 

9 30 a m 

1 7 

100 

36 5 

Distilled water at body tempera 





ture 

10 15 a m 


lOO 


Normal 

11 15 a m 


100 



11 45 a m 


lOO 



12 00 m 

21 



Salivated, ata\ic comulsions last- 





ing two minutes 

12 15 p m 

2 1 


37 0 


1 05 p m 

2 1 



Found dead 


In rabbits, retching and vomiting are usually absent They develop 
a staggering gait, become asthenic, eventually he down and become very 
sick Diarrhea is absent, as a rule, but diuresis is marked and salivation 
IS common Stupor develops rather than coma The convulsions 
approach m violence those occurring in the dog Death may occur 
during either convulsions or stupor (Table 3) 

In guinea-pigs, retching and vomiting do not develop, they have 
diarrhea, salivation and marked diuresis, become markedly ataxic and 
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under the influence of pituitary extract, irritability of the bladder and 
bowels IS more common, as evidenced by more frequent and more 
ineffectual attempts at unnation and defecation Some form of nervous 
and mental excitation also develops, as evidenced by restlessness, aimless 
activity and constant running about Under the influence of pituitary 
extract, coma is apparently somewhat deeper and convulsions are more 
pronounced, although this is difficult to prove 

In dogs, the symptoms of water intoxication consist of asthenia, 
restlessness, frequency of urination, nausea, retching, vomiting, sali- 
vation, muscle twitching, ataxia, tonic and clonic convulsions associated 
with frothing at the mouth and stupor or coma, ending in death or 
complete recovery within a few hours Early m the intoxication, the 


TABLE 1 — Water I^TO\ICATlo^ ix a Dec (FIO) 



Weight, 

Water Int ihc. Temperature, 

Time 

Kg 

Cc C 

Remarks 

A 9 10 a m 

9 40 a m 

10 20 a m 

5 5 

250 37 5 

"50 

250 

Li\el5 and aivncious 

10 40 a m 

11 10 a m 

11 40 a m 


239 

2'’0 

250 

Diarrhea aoinlting quiet and de 
pressed, and ataxic on avalUng 

12 SO p m 

1 45 p m 

B 1 50 p m 

2 OOp m 

00 

230 

Salivated, vomiting, convulsions, 
followed bj stupor, weakness 
flaccidit), abject helplessness 

53 c c 10 per cent sodium chlond 
solution stool immediately after 
injection, shook himself and lay 
down quietly 

3 00 p m 


3i0 

Walks, markedly improved sali 
vation disappeared, voids pro 
fuselj 

5 00 p m 

')0 


Apparently normal 


animals often attempt to hide in a corner, later they he down and 
become apprehensive and watchful As a rule, the convulsions resemble 
those of strychnin in their severity and may recur repeatedly at intervals 
of a few minutes In the period between convulsions, a state of extreme 
asthenia, stupor or coma supervenes Although deep coma is encountered 
at times, more often the e^es are open and the animal is in a state of 
profound asthenia and abject helplessness, accompanied by complete 
flaccidity The animal may he on its side, or occasionally on its abdomen, 
with its legs stretched out, and for periods as long as five minutes they 
remain absolutely quiet, without movements of any kind Duimg tins 
period the pulse and respiration remain noimal, but m marked intoxi- 
cation marked bradycardia often develops In several instances a pulse 
of 50 or 60 was present Arrhythmia developed m one or two 
instances In the event of recovery, all abnormal manifestations dis- 
appeared within from twelve to eighteen hours Table 1 shows the 
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CHANGES IN WEIGHT AND THEIR INTERPRETATION 

Difficulty IS encountered in ascertaining the true significance of the 
increases in weight Obviously, it is impossible, prior to the administra- 
tion of water, accurately to determine the amount of fluid present in 
stomach and intestines The weight indicated at any time during an 
experiment, or at the end, represents total weight only, and fails to 
differentiate between water assimilated and that which still remains in 
the gastro-mtestinal tract The stomach tube may reveal the amount 
of water m the stomach and whether or not there is sufficient to occasion 
gastric distension 


TABLE 6 — Water Intoxication in Cats, Rabbits and Guinea-Pigs 


Gain in 



Weight, 

Water, 

Time, 

Weight, 

Increase. 


Babbit 

Kg 

Oc 

Hours 

Kg 

per Cent 


RtmarliS 

1 

1 9 

700 

525 

05 

20 3 

Typical coni’ulslons, died nc\t night 

2 

25 

500 

4 50 

03 

12 0 

Convulsions, 

recovered 

2 

2 5 

500 

3 42 

02 

80 

Convulsions, 

recovered 

3 

ir 

400 

3 58 

03 

17 6 

Convulsions, 

died 

Guinea- 








pig 

Gm 



Gm 




1 

613 

220 

3 42 

269 

52 2 

Convulsions, 

died, uclglit at death 782 gm 

2 

m 

220 

500 


19 8 

Convulsions 

died, ueight at death 924 gm 

3 

615 

90 

200 

50 

97 

Convulsions, 

died, 25 e c of fluid 

4 

490 

200 

300 

105 

210 

Convulsions, 

died 

5 

510 

215 

2 45 

98 

1900 

Convulsions, 

died, 20 c c of fluid 

Oat 

Kg 



Kg 




1 

39 

1,250 

5 00 

01 

25 6 

Convulsions, 

died 

2 

30 

1,725 

600 

07 

23 3 

Convulsions, 

died 

3 

29 

1,200 

500 

07 

24 0 

Convulsions, 

recovered 

3 

28 

800 

3 33 

00 

210 

Convulsions, 

died 

4 

24 

500 

2 00 

03 

12 0 

Convulsions, 

died 

5 

1 8 

1,400 

725 

09 

500 

Convulsions, 

died 

G 

31 

700 

3 58 

07 

22 0 

Convulsions, 

recoi ered 

i 

30 

900 

4 50 

00 

20 0 

Coinulslons, 

recovered 


In many instances the water content of the intestines was determined 
at the necropsy, but owing to the fact that the amount in the intestines 
prior to the administration of water was not known, these figures are 
of but limited significance 

EXPERIMENTAL INDUCTION OF SUBACUTE WATER INTOXI- 
CATION IN RABBITS 

Subacute water intoxication can readily be induced in rabbits 
Water up to one- fourth of the body weight, given daily by stomach 
tube and in divided doses,’ is tolerated over peiiods of from two to 
three weeks without evidence of untoward symptoms Water in 
amounts of from 300 to 333 cc for each kilogram of body weight 
daily results, m the course of from one to two ueeks, m the development 
of subacute water intoxication (Table 7) 

20a Under proper preliminary conditions intestinal content of water may 
be rather uniform Stomach contents may be remoied before starting the 
experiment Hence these difficulties may, perhaps, not be insurmountable 
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spread their legs in a peculiar manner in an effort to support the body 
They find great difficulty in walking, and often roll on their sides, the 
legs exhibiting marked running movements Abdominal distention, as 
a rule, is marked Stupor and convulsions ensue earlier and are more 
common than in larger ammals (Table 4) 

THE RELATIVE EASE OE INDUCING CONVULSIONS IN 
VARIOUS ANIMALS 

In each species great variations are encountered with regard to 
individual susceptibility, that is, the readiness with which convulsions 


TABLE 4 — Watcr Intoxication in a Guinea-Pig 



Weight, 

V ater Intalc, 


Time 

Gm 

Oc 

' Remarks 

9 40 a m 

7T1 

20 

Normal 

10 30 T m 


20 


10 55 a m 


20 


11 25 a m 


20 


11 55 a m 


20 

Normal 

12 15 p m 


40 


1 lOp m 

1 25 p m 

891 

40 

Salivation 

2 05 p m 

2 20 p m 


40 

Convulsion 

2 55 p m 



Regains lect but cannot ivalk, Icet spread out 




in attempts to walk 

3 10 p m 

924 


Weight at death 924 gm , an increase of 133 
gan nothing in stomach at necropsj , edema 




of lungs 


TABLE 5 — ^Water Intoxication in Docs 



Weight, 

Water, 

Percentage 
of Body 

Time 

Gain in 
Weight, 

Per 

centage 


Dog 

Kg 

C c. 

Weight 

Elapsing 

Kg 

Increase 

Remarks 

3 

G2 

3,000 

48 2 

4 hours, 

50 minutes 

04 

66 

Coniulslons, recovered 

4 

63 

3,900 

62 0 

6 hours, 

30 minutes 

07 

11 1 

Died 

5 

71 

5,250 

830 

8 hours 

04 

56 

Recovered, experiment repeated 
the next daj 

5 

69 

2,450 

35 5 

3 hours 

05 

72 

Convulsions, water continued 
Height at death, 8 4 kg , drained 
625 c c fluid from stomach and 
intestines 

6 

4 4 

2,800 

636 

5 hours, 

45 minutes 

0 5 

76 

Water continued 6 75 c c , died. 
Height at death, 51 kg 


occur In the dog, vomiting unquestionably tends to postpone the onset 
of convulsions To a lesser extent this is also true of the cat In 
rabbits and in guinea-pigs the water ingested is practically all assimilated 
and hence water toxicity develops somewhat earlier Occasionally, 
individual dogs are markedly resistant to water intoxication This may 
be due to recent access to an abundant supply of salt Table 5 presents 
the important data for a group of dogs and Table 6 for cats, rabbits 
and guinea-pigs 
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vening m the course of the stupor, coma or asthenia A condition of 
stupor or coma may persist for three or four days prior to the death of 
the animal Recovery may follow discontinuance of water excess 

NOTES ON THE PATHOLOGIC FINDINGS IN ANIMALS WITH ACLTC 

WATER INTOXICATION 

Dr Robertson has studied the tissues from several of these animals 
and submits the following report 

Results of postmortem studies on the animals used for experimentation, with 
a few exceptions, have revealed a notable absence of anj specific pathologic 
changes Such a result might reasonably be expected The fulminating char- 
acter of the clinical phenomena both m the rapidity and violence of their 
course strongly suggests such a speedy alteration m the metabolic activities ot 
the vital cells of the body that few or no changes m the physical appearances 
of the cells or tissues can be detected Pertinent analogies to this conclusion 
are presented by definite organic intoxications which produce alterations in 
structure only m inverse proportion to the time element and rarel}'^ in direct 
proportion to the violence of the symptoms 

At the first two examinations made on dogs who had succumbed to violent 
convulsions in a few hours, the only striking change that could be noted was 
a marked edema of the connective tissues around the portal vein and the area 
of distribution of its larger branches within the liver The liver, itself, pre- 
sented on section a moist surface as did also the kidney and there was slight 
edema of the upper portion of the mesentery There was no marked increase 
of fluid on the surface of the brain although the brain itself was distinctly moist 

Miscroscopic examination of these tissues only served to emphasize the gross 
appearances There was no definite edema of cells in the kidney, brain or liver, 
and no definite microscopic alterations could be identified The connectne 
tissues in the cortices of the kidneys, around the distribution of the portal \eiii, 
particularly its larger branches, and around the vessels of the brain showed 
distinct edema In the two first cases this edema was marked in the substance 
of the liver 

Succeeding postmortem examinations on both rabbits and dogs were sur- 
prising because of the lack of consistency in the findings Occasionally, the 
edema was again distributed as just indicated, but often it was almost entireh 
confined to the kidney, although there were always definite signs of increase 
of fluid within the brain substance Uniformly in all cases the kidney was 
abnormally moist and microscopically showed evidences of interstitial edema, 
but careful study of the cells did not reveal in any instance significant or 
uniform change 

In this connection it is interesting to note that the same appearance of 
excessive moisture in the pulp of the kidney and liver has been observed in 
human postoperative cases when the fluid intake had been pushed e\ identlv 
beyond the ability of the patient’s excretory capacity 

DISCUSSION 

Although the amount of water administered is extremel} large m 
most instances, the gam m weight is, by contrast, strikmgl} small There 
is adequate provision against too great absorption A large water intake 
results in free diuresis and, in dogs and sometimes in cats, m profuse 
vomiting In order to produce the severe intoxication, an intake of 
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In the rabbit, the symptoms of subacute poisoning do not differ 
essentially from those of acute poisoning Salivation fiist appears and 
this IS accompanied by hstlessness or lack of liveliness and often by 
ataxia, diuresis is marked and continuous, but the stools retain their 
normal consistency and their pellet-like form The animal huddles 
into a corner and exhibits no interest in its surroundings Weakness 

TABLE 7 — Chronic Watfr Into\ic\tion in Rabbits 


Rabbit 

G-B 


8-B 


9-B 


Water Urine 

Date, Weight, Intake, Output, 


1922 

Re 

4/26 

29 

4/27 


4/2S 


il‘^9 


4 ISO 


5/ 1 


5/ 2 


5/ 3 


5/ 4 


51 5 


5/ 6 


5/ 7 


6/ 8 


5/ 9 


5/10 


5/11 


5/12 


5/13 


5/14 


5/15 

32 

5/ 6 

29 

5/ 7 


5/ 8 


5/ 9 


5/10 


5/11 


5/12 


5/13 

31 

5/14 


5/15 


5/ 6 

21 

5/ 7 


5/ 8 


5/ 9 


5/10 


5/11 


5/12 


5/13 


5/14 


5/15 


5/16 


6/17 


5/18 


5/19 

24 


Oc 

0 c 

675 

675 

675 

675 

675 

075 

675 

640 

225 

300 

675 

665 

675 

650 

676 

GOO 

675 

625 

675 

600 

675 

610 

225 

270 

870 

775 

870 

810 

870 

850 

870 

£00 

870 

820 

870 

800 

290 

275 

290 


540 

500 

180 

200 

870 

800 

870 

790 

870 

800 

870 

795 

870 

850 

870 

816 

290 

300 


495 

450 

105 

180 

630 

300 

630 

300 

630 

600 

630 

590 

630 

610 

630 

600 

210 

200 

630 

595 

630 

600 

630 

600 

630 

590 

210 



Remarks 

2r)0 cc for cacli kilogram a claj in three doses 


Dose increased to 300 cc for each kilogram a day 


Salivated 

Markcdla salivated ntn\ic 

Convulsions at 0 SO a in , apparently rccoicrcd but 
died iic\t night, no etidonce of pneumonia at 
necropsy 

SSI c c for each kilogram a day in three doses 
Dose increased to 300 c c for each kilogram 
Possibly slight sally ation 


Sal'y ated 

Markedly salivated and nta\ic 
Animal found dead in the morning with eacry indi 
cation of having died in conyulsions, head re 
traded no signs of pneumonia found at necropsy 
About 225 c c for cad) kilogram a day in three doses 

Dose increased to 300 e c for each kilogram a day 


Salivated and stupid convulsion and death at 2 
p m , no ey Idence of pneumonia at necropsy 


becomes marked and a state of stupor supervenes Convulsions, similar 
in every respect to those of acute water poisoning, develop The head 
IS markedly retracted and this position may persist even after death 
Subsequent to the convulsions, weakness progresses and helplessness 
becomes extreme The animal may he for an hour at a time on its 
side without moving Micturition becomes involuntary Death may 
occur suddenly during convulsions, or may come on gradually, super- 
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absorption of digestive products from the gastro-intestinal tract, dogs 
were first subjected to water abstinence experiments The animals ^\ere 
subjected to two and four day periods of water fasting after which the 
intoxication was produced, attention being given to the ease vith which 
it developed In other experiments, an excess of water, 1,500 cc each 
day, was given for two day periods prior to the introduction of toxicit} 
The results of these experiments are set forth m Table 8 As fai as 
these experiments go there is no evidence of absorption of toxic sub- 
stances from the gastro-mtestmal tract 

The Role of the Ltver-^ — Inasmuch as at necropsy the liver showed 
evidences of edema, it seemed desirable to determine whethei or not the 
liver played an important part in this intoxication Consequently. 

TABLE 8 — Effect of Previous Fasting Water Abstinenci and Watfr 
Excess on the Devciopment of Water Intoxication in D( gs 


Gam m 



Weight, 

Water, 

Time, 

Weight, Increase 

Dog 

Kg 

C e 

Hours 

Kg 

per Cent 

14 

4 4 

2,700 

5 75 

05 

11 3 

15 

68 

3,750 

7 00 

05 

76 

15 

56 

3 850 

716 

04 

71 

16 

48 

4,125 

9 00 

08 

16 6 

16 

4 2 

3,250 

4 K 

05 

11 9 

17 

4 5 

2,700 

800 

03 

66 

17 

38 

2 600 

600 

03 

79 

18 

61 

1,800 

3 50 

05 

82 

18 

60 

2,400 

4 00 

04 

6 6 

19 

59 

3 600 

516 

06 

101 

19 

57 

3,300 

500 

07 

12 2 

20 

33 

1,200 

3 00 

05 

151 

21 

52 

3,300 

600 

07 

18 4 

22 

60 

3,750 

7 00 

08 

16 0 


Remarks 

Died, weight 51 kg , fluid in =toimch 175 cc 
Pasted two days tonMilsions, ieco\ered 
Pasted four da^s, con\ulsions reco\ercd 
Pasted two dajs, con\iilsions rcco\crcd 
Pasted four dajs, conMilsions recovered 
Pasted two dajs, comulsons recovered 
Pasted four davs, convulsions, recovered 
Pasted two dajs, convulsions, recovered 
Pasted four days, convulsions, recovered 
Convulsions, recovered 

Water abstinence four davs, no dliTercnt from 
first experiment, died 
Water abstinence four days, died 
Porced Intake of 1,500 c.c water each daj for 
two days before experiment, convulsions 
recovered 

Intake previously forced as in above expen 
ment convulsions recovered 


attempts were made to produce water intoxication m some of Mann’s 
dogs with Eck’s fistula The symptoms of poisoning developed m all 
respects as in normal animals and no difiference was observed in the 
facility with which the intoxication developed 

The Effect of Ligatwn of Uietets— All attempts to produce water 
intoxication m dogs with ligated ureters failed, probably because of 
excessive vomiting In order to prevent vomiting m one of these dogs, 
a tube was fastened permanently into the duodenum and through this 
water in large quantities was introduced Diarrhea resulted, but no 
manifestations of water intoxication Similar results were obtained on 
administering water to a normal dog through a duodenal fistula 

The Effect of IVatcJ Adunnistejed by Rectum 2^— Water was given 
to dogs by rectum m large quantities, and although the administration 
was continued at times until water was actually vomited from the 
mouth m no instance did water intoxication develop Warm water 
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more than enough water to compensate for the rapid loss of fluid is 
necessary Not the fluid ingested, but the amount absorbed and 
assimilated is in all probability responsible for the toxicity 

In searching for an explanation of the development of the foregoing 
symptoms, the effect of the following procedures and conditions has been 
investigated since it was tholight that they might possibly be con- 
cerned, etiologically, in the production of convulsions (1) repeated 
passage of the stomach tube, (2) gastric distention, (3) absorption of 
digestive products and of toxins from the gastro-intestinal tract , (4) the 
role of the liver, (5) ligation of ureters, (6) administration by rectum, 
(7) intravenous injection and hemolysis, (8) hydremia, (9) edema of 
brain and increased intracranial pressure, and (10) effect of administra- 
tion of sodium chlorid 

Repeated Passage of the Stomach Tube — Control experiments 
involving the passage of the lube twenty times, at half hourly intervals, 
were carried out on dogs No untoward effects were noted 

Gastnc Distension — The s^^mptoms were believed to be due, perhaps, 
to gastric distension, and an attempt was made to prove this by ascer- 
taining the amount of water in the stomach by means of the stomach 
tube In dogs, cats, rabbits and guinea-pigs, attempts were made to 
withdraw fluid from the stomach immediately before, or after, con- 
vulsions In most instances, the amounts withdrawn appeared to be 
entirely too small to have resulted in marked distention In some 
instances, convulsions developed during attempts to vomit, but in others, 
onset was delayed until long after the vomiting attack In many 
instances, in animals dying during convulsions, immediate necropsy 
showed but little fluid in the stomach 

If distension were the cause of the convulsions they should follow 
the administration of equivalent quantities of 0 8 per cent sodium 
eWorld solution But sodium eWorld solution administered to rabbits 
and to dogs in double these amounts failed to produce convulsions or 
any of the significant manifestations of water intoxication I believe 
that sufficient evidence has been accumulated through such controls to 
justify the opinion that gastric distention is not the important factor in 
the production of water intoxication However, since this intoxication 
has developed only in animals to which water was administered by 
mouth, the factor of distention cannot yet be entirely dismissed from 
consideration 

Absorption of Digestive Products and of Enzymes ftoni the Gasho- 
Intestinal Tract — In order to determine the part played by too rapid 

21 These experiments were earned out at the suggestion of Dr F C Mann, 
and the operations involved were performed by Dr Mann or members of his 
staff 




Record obtained from o ease of water .ntoeteatton, sl.ow.ng the respiration, blood pressure and intraeranial pressure (upper enrve) 
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resulted in relaxation of the sphincter, while cold water occasioned 
discomfort to the animals and hence its administration was discontinued 
Thus, one dog which had previously exhibited convulsions after receiv- 
ing 3,500 cc of water, when administered by mouth, was subsequently 
given 6 liters of water at 35 C by rectum during the course of six 
hours No symptoms of water intoxication developed The reason 
for these results is not clear and further studies along these lines are 
necessary 

Inbavenous Injection of Watei and the Development of Hemolysis 
— Distilled water was slowly administered intravenously to two rabbits 
The first rabbit died within ten minutes after receiving 25 c c and the 
second died within one hour and ten minutes after receiving 95 cc 
In both instances, marked hemolysis resulted, but in neither case did 
water intoxication develop A dog weighing 7 2 kg was given 
intravenously 1,275 cc of tap water during a period of two hours and 
fifteen minutes Marked salivation, retching, and polyuria resulted 
The blood showed hemolysis and the urine was tinged with hemoglobin 
but water intoxication did not develop 

Hydi enna — The role of hydremia was studied in the previous 
experiments of Larson, Weir and Rowntree, which showed that water 
intoxication developed in certain animals subsequent to using the extract 
of the posterior lobe of the pituitary gland without demonstrable dilu- 
tion of the blood and without demonstrable increase of the plasma or 
blood volume Further studies along these lines are contemplated 

Edema of the Biain and Inci eased Intiaceiebial Piessuie — The 
marked cerebral disturbances, convulsions, stupor and coma led us to 
suspect an increase m intracerebral pressure This was strengthened by 
the pathologic findings in some animals The work of Weed and 
McKibben,"- of Cushing and Foley,“^ of Foley and Putman,-* and of 
Sachs and Belcher on the changes of cerebral pressure, following the 
administration of hypotonic and hypertonic sodium chlorid solution 
intravenously, also suggested this possibility It seemed desirable, there- 
fore, to determine by actual measurement whethei or not increased intra- 

22 Weed, L H , and McKibbcn, P S Pressure Changes in the Cerebro- 
spinal Fluid Fllowing Intravenous Injection of Solutions of Various Concen- 
trations, Am J Physiol 48 512-530, 1919 Weed, L H , and McKibben, P S 
Experimental Alteration of Brain Bulk, Am J Phvsiol 48 531-558, 1919 

23 Cushing, H , and Foley, FEB Alterations of Intracranial Tension 
by Salt Solutions in the Alimentary Canal, Proc Soc Exper Biol & Med 
17 217-218, 1920 

24 Foley, F E, and Putnam, T J Effect of Salt Injection on Cerebro- 
spinal Fluid Pressure and Brain Volume, Am J Plwsiol 53 464-476, 1920 

25 Sachs, E , and Belcher, G W The Use of Saturated Salt Solution 
Intravenously During Intracranial Operations, Preliminary Report, JAMA 
75 667-668 (Sept 4) 1920 
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0 8 per cent sodium chlorid solution, e\en \\hen the injections of salt 
solution were made in the early stages of true water intoxication 

Hypertonic sodium chlond solution ^\as administered to a group of 
dogs in various stages of water intoxication In some instances the 
dogs in stupor, coma or convulsions showed striking improvement within 
from ten to fifteen minutes after the administration of the sodium 
chlond solution, m fact, m many instances, the animals appeared to be 
practically normal within from one-half to one hour The induction 
of water intoxication by the continued use of water becomes a matter 
of extreme difficulty after a previous administration of 10 per cent salt 


TABLE 10 — Effect of the Administration of Sodium Chlorid Soiution on 

Water Intoxication 


Dog 

Weight, 

Water by 
Sfouth, 

Time, 

Gain in 
Weight 

, Increase, 

Kg 

C e 

Hours 

Kg 

per Cent 

11 

60 

2,350 

4 0 

09 

15 0 
ataxic 

23 

51 

2,050 

50 

05 

98 

ataxic 

23 

5 0 

3,750 

SO 

0 6 

12 0 
ataxie 

24 

4 S 

2,250 

50 

06 

12 -> 
ataxic 

24 

4 6 

3,375 

825 

05 

108 

ataxic 

25 

87 

3,650 

40 

00 

09 

2C 

56 

3,600 

1,500 

60 

20 

05 

91 

2V* 

4 7 

2,000 

35 

00 

12 7 

29» 

10 8 

6,100 

5 5 

08 

74 


EomnrLs 

1,450 c c of 0 S per cent eodiiim clilorid solu 
tion mtra\ enoush , no contul'Ions 
65 c c 10 per cent sodium clilorid solution 
int^n^cnou‘:l^ , no con\ulslons 
50 c e 10 per cent sodium chlorid solution 
intr t\cnousl\ , no conMilsions 
50 c c 10 per cent sodium chlorid solution 
mlrntcnouElj , no eonttilslons 
50 c c 10 per cent sodium chlond solution 
intrntonouslj , no conMilsions 
ConMilsions folloMcd b\ OO c c 10 per cent 
sodium chlorid solution intrntcnouslj , im 
inedinte rccotcrj, pnriihsi<; of hind legs 
dc\ eloped later 

ConMilsions, ti'itcliing, 05 cc 10 per cent 
sodium chlond solution intnn enoush im 
mediate improtemcnt, parnljsis ol liind logs 
det eloped later 

Con\ulslons, followed bj '0 c c 10 per cent 
sodium chlorid solution intra\cnously, walk- 
ing about fifteen minutes later, apparcntlj 
normal in about one and one-half hours 
ConMilsions, £0 c e 10 per cent sodium chlorid 
solution intra\cnouslv, walked within ten 
njinutcs, apparentlj normal one and one- 
fourth hours later 


* The administration of 4,500 cc and of 10,450 c c of sodium chlorid solution, respccticelj, 
to these two dogs failed to elicit any sjmptoms of water intoxication 

solution It IS, therefore, established that hypertonic sodium chlond 
solution IS effective m preventing or overcoming vater intoxication 
(Table 10) 

Excessive accumulation of water may occur as intercellular or intra- 
cellular edema Water may accumulate m the body as an intercellular 
edema of the dependent parts, or as anasarca with free fluid m the 
large cavities of the bod}^ without toxicity manifesting itself In 
healthy animals increased intracerebral pressure and at times cerebral 
edema may arise as a result of excessive water ingestion, and is perhaps 
responsible for most of the phenomena herein described Whether or 
not the edema of liver, kidney, and intestinal wall is of am pathologic 
gjgrj^jhcance has not been determined as \ et The possibility still exists 
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cranial pressure accoinpanied the development of water intoxication 
Through the assistance of Dr Meek of the University of Wisconsin, 
the intracranial pressure of a dog with water intoxication was deter- 
mined by utilizing the cannula devised by Lowenhart A tracing from 
our one flawless experiment demonstrates that an increase m intra- 
cerebral pressure can result Table 9 contains the details of this experi- 
ment These findings are in keeping with those of Weed and McKibben, 
who demonstrated swelling of the brain through openings in the skull 
following intravenous injection of hypotonic solution (water), and of 
Ebaugh and Stevenson,-® who made measurements of the intracranial 
pressure changes in a patient with epilepsy On administering 4 or 5 
liters of tap water by mouth for a period of one and one-fourth hours, 
an increase m intracranial pressure corresponding to 20 mm of water 
was registered In one instance Ebaugh and Stevenson administered 


TABLE 9 — Protocol on Dog 101, 12 2 I^ounds in Weight 


9 so I in Pulse S4 tcnipornture 97 0 P respiration 20 ctlicr bj trnclicnl tube started dog 
\ofded 20 c c ol urine tambour inserted 'n^Idc ol skull, cannulas Inserted into 
Icmornl lelns, apparatus adjusted 

12 45 pm Pulse 132, temperature 998 F, rcsplrUlon 42, vatcr administered* and tracings 
started 

12 45 to Water In quantities of 200 c c introduced eacrj fifteen to thirty minutes, total 
3 50pm amount Introduced 2,500 c c , abdomen eonsldcrabl} distended 

4 18 p m Stomach drained of 1,325 c c , pulse had \ arlcd from ICO to 132 throughout this 
period 

4 25 p m 400 c c of water administered, pulse 120 

4 30pm Animal killed, tambour calibrated, total water Intake 3,200 cc , drained from 
stomach 1 525 c c , urine In bladder lOO c c drained from stomach and intes 
tines 400 c c , blood lost 150 cc , calculated water retention about 1 liter 


* All distilled water administered at temperature between 38 and 40 C 


as much as 8 liters during the course of six hours The patient com- 
plained of fulness, frequency of urination, fulness in the head, tinnitus 
and headaches, and felt as though an attack were impending 

Effect of Adjuimstration of Soduim ChloJ id — It would appear 
reasonable to consider a disturbance m osmotic relationships and in 
salt water equilibrium of the brain and nervous system as important 
features in water intoxication, especially m relation to the nervous 
manifestations At any rate, recognition of the increased intracerebral 
pressure led to experiments involving the use of hypertonic salt solution 
in an attempt to prevent or overcome convulsions In early experiments 
it had already been determined that water intoxication could not be 
produced through the intravenous administration of large quantities of 

26 Ebaugh, F G , and Stevenson, G S The Measurements of Intracranial 
Pressure Changes i. an Epileptic and Its Experimental Variations, Bull Johns 
Hopkins Hosp 31 44o^t47, 1920 

27 Hypertonic sugaj solution (SO per cent ) is also effective, but acts more 
slowly 



THE BENZOATE TEST FOR RENAL FUNCTION II* 

F B KINGSBURY, PhD 

MINNEAPOLIS 

The use of ingested sodium benzoate as a test for renal function was 
first described by Swanson and me, in a preliminary report before the 
Federation of American Societies for Experimental Biology, in 
December, 1920 The full report was published m August, 1921 ^ In 
June, 1921, Snapper’ published a report of work along similar lines 
He found that after ingesting 5 gm of sodium benzoate, the normal 
person on a porridge diet eliminated about 75 per cent of it in the form 
of hippuric acid m the course of six hours Lewis ^ had previousl} 
found a much more rapid elimination of hippunc acid under similar 
conditions, and this was verified by Kingsbury and Swanson For this 
reason, it is believed that Snapper did not obtain all the hippunc acid 
eliminated in the test specimens of urine, and that these low results 
were due to the failure of his analytic method However, Snapper’s 
findings that the rate of hippunc acid elimination after the ingestion of 
sodium benzoate in 5 gm doses was markedly less in persons suffering 
from nephritis than in normal individuals, but was little if any less in 
pneumonia patients and those having complete obstruction of the 
common bile duct and biliary fistula, are m general accord with the 
results of Kingsbury and Swanson 

Early results with the benzoate test gave evidence that it was sensi- 
tive and would probably indicate early disturbances of renal function 
The findings given in this paper confirm this view Sufficient data 
had already been obtained to show that, in well marked nephritis, 
the benzoate tests were always low, but such results were of little 
value to the clinician who already had made a thoroughly satisfactory 
diagnosis without the aid of the test In borderline cases of possible 
disturbances of renal function, the benzoate test has proved to be of 
value, and it is mainly to its application in this type of cases that the 
later discussion will be devoted 

*From the biochemical laboratory of the Universit} of Minnesota ^Medical 
School 

* A preliminary report was made before the Society of Biological Chemists, 
Inc, in Toronto, Canada, December, 1922 

1 Kingsbury, F B , and Swanson, W W The Synthesis and Elimination 
of Hippunc Acid’ in Nephritis A New Renal Function Test, Proc Vm Soc of 
Biol Chemists 15 4 (Dec) 1920, Arch Int Med 28:220 ( ^ug ) 1921 

2 Snapper, I The Elimination of Hippunc Acid, Ncderl Tijdschr \ 
Geneesk 1 3044 (June) 1921 

3 Lewis, H B The Sjmthesis and Rate of Elimination of Hippunc Acid 
After Benzoate Ingestion in Man, J Biol Chem 18 225 (Juh) 1914 
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that edema of the intestinal wall may so damage the specific absorption 
of the intestinal epithelium that toxic products from the canal may 
enter directly into the blood stream It is peculiar that to date this 
intoxication could be produced only by water administered by stomach 
tube This fact renders difficult an exact explanation of the mechanism 
involved 

CONCLUSIONS 

1 In man and animals (dog, cat, rabbit and guinea-pig) water 
ingested in excess of the ability of the organism to excrete it leads to 
water intoxication 

2 Water intoxication is manifested by restlessness, asthema, 
polyuria, frequency of urination, diarrhea, salivation, nausea, retching, 
vomiting, muscle tremor and twitching, ataxia, tonic and clonic con- 
vulsions, frothing at the mouth, helplessness, stupor and coma 

3 The convulsions are general in character, of extreme violence and 
m the mam resemble those of strychnin poisoning They may recur at 
intervals of a few minutes 

4 Water intoxication terminates in death unless the excessive intake 
is discontinued 

5 Water intoxication ma} be acute, ending m death in from four 
to twelve hours, or subacute, lasting for some days Subacute intoxica- 
tion results from smaller amounts of water continued over a longer 
period of time 

6 Water intoxication is accompanied by, and is probably due, in 
part at least, to increased intracerebral pressure , this in turn is probably 
a manifestation of disturbance in the salt water equilibrium of the 
central nervous system 

7 Water intoxication can be prevented, alleviated or cured by 
the timely intravenous administration of hypertonic sodium chlorid 
solution 
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concentration of hippunc acid was low, required the use of 50 c c for 
analysis The case with benzoate test specimens is different, for the 
concentrations of hippunc acid are usually so much greater that 25 c c 
are sufficient for analysis In both the normal and pathologic senes of 
tests, the method of making the test was uniforml} as described The 
sodium ethylate used m titrating the resulting benzoic acid is standard- 
ized against pure benzoic acid in chloroform solution, wuth phenolph- 
thalein as indicator The calculations are simple 2 4 gm of sodium 
benzoate is taken as equivalent to 2 gm of benzoic acid, The hippunc 
acid resulting from the ingestion of benzoate is determined as benzoic 
acid, and the amount of this found in a test specimen of urine divided 
by 2 and multiplied by 100 gives the percentage of elimination 

EXPERIMENTAL DATA 

It was necessary to make a larger series of determinations on normal 
subjects since the series already reported was rather small and con- 
tained no two-hour elimination values The results are shown m 
Table 1 Medical students were the subjects mainl), but a few' values 
obtained from patients known to be free from any renal disturbances are 
included Several of the freshman medical students made tests on them- 
selves, including the necessary anal}ses, as part of their regular w'ork m 
physiologic chemistry Their figures, checked by analyses made in this 
laboratory, are included m the series In this connection, it is pointed 
out that the analytic ivork involved m making these tests is as easil) 
and successfully handled by students as any other method of analysis 
required in their course It wnll be noted that the average tw'o-hour 
excretion of hippunc acid under the conditions of the test for forty-four 
normal individuals is 82 per cent of the ingested dose of sodium benzo- 
ate and the third-hour excretion is 16 per cent The limits for the 
two-hour test are from 70 to 91 per cent , and for the third hour, from 
32 to 8 per cent The average total three-hour output is 98 per cent , 
wdnch agrees closely wuth the value, 97 per cent , found b} Sw anson 
and myself, under conditions w Inch w'ere not so closely prescribed wuth 
respect to the time wdien the test w'as made, and the amount of water 
ingested It is also to be noted that the previous senes w'as made on a 
smaller number of normal induiduals, and that the hippunc acid w'as 
determined by the method of Folm and Flanders 

In Table 1 are also showm the tw'o and one hour ^olumes of urine 
m the normal test specimens In about 50 per cent of the normal 
two-hour tests, a marked diuresis is noticed The actual concentration 

5 Fohn, O , and Flanders, F F A New _Method for the Determination 
of Hippunc Acid m Urine, J Biol Chem 11 257 (April) 1912 



176 


ARCHIVES OF INTERNAL MEDICINE 


As originally described, the test determines the three-hour output 
of hippuric acid after the ingestion of 2 4 gm of sodium benzoate 
With the exception of ruling out fruit from the diet during the time 
of the test, no conditions as to the intake of food or water during the 
test were prescribed In the present work, such conditions were 
specified, and all the results given m this paper were obtained in 
benzoate tests carefully regulated and therefore uniform The hourly 
elimination of hippuric acid during the three hours of the test was 
studied with persons m normal health and those presenting pathologic 
conditions, but it was found that nothing was gained in making the 
test in this manner If the test was made m a two-hour period followed 
by a one-hour period, more information as to the ability of the kidney 
to excrete hippuric acid under the conditions of the test could be 
obtained , for in some pathologic cases m which a normal or nearly 
normal result was obtained for three hours, the two-hour elimination 
was definitely below normal, while the third hour elimination was suf- 
ficient to bring the total for three hours up to a normal value 

' METHODS 

Since many fruits contain benzoic acid or substances which may 
be converted into it in the body, they must be omitted from the diet 
before and during the period of the test The patient is denied fruit 
at the evening meal on the day before the test On rising the patient 
voids urine, and immediately thereafter drinks a solution of 2 4 gm 
of sodium benzoate in about 100 c c of water The container is rinsed 
with about 200 c c , and this is also drunk At the end of one hour, 
200 c c of water is drunk, making a total water intake of 500 c c , and 
at the end of two hours the first sample of urine is collected The second 
specimen of urine, representing the third hour of the test, is collected 
one hour later Both specimens of urine are preser^ed, unless they 
can be analyzed immediately Preservation is effected by adding about 
10 drops of a 10 per cent solution of thymol in chloroform to each 
specimen, 15 c c of 2 per cent nitric acid to the two-hour specimen, 
and 7 c c of the same solution to the one-hour specimen The total 
volume of each specimen must be measured and an aliquot part taken 
for analysis I have used the method previously described * for all 
the tests reported in this paper, with the slight modification of using 
half quantities of urine and all other materials necessary, keeping the 
time element for the various operations the same The method as 
originally described was designed for use with any sample of urine, 
and, to be adequate for twenty-four hour normal urines in which the 

4 Kingsbury, F B , and Swanson, W W A Rapid Method for the 
Determination of Hippuric Acid in Urine, J Biol Chem 48 13 (Sept ) 1921 
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benzoate test, I am not prepared to modify the Mew expressed in tlie 
first paper on this subject that such experiments are practical!} unneces- 
sary when the test is made m the way described, because of the great 
variability in the dose of sodium benzoate per kilogram of body weight 
and the difficulty m collecting test samples of urine with an accuracy 
which would warrant it In the direction of increasing the accuracy 
of this test, all these factors must be considered 

As to what constitutes a normal test, I think that a two-hour test 
with elimination of less than 70 per cent and a three-hour test with 
elimination less than 90 per cent should be regarded as lo\v, and the 
tests recoided in this paper have been judged on this basis In cases. 


Table 2 — Normal Bcncoaic Tests Corrected 


Subject 

Total 3 Hour 

1 Benzoate Test, 

1 per Cent 

Three Hour Xonual 
Morning Urine 
Hlppuric Acid ns 
Benzoic Acid, 

Gin 

Corrected 
Benzoate Test, 
per Cent 

6 

99 

006 

96 

7 

100 

014 

1 93 

8 

94 

008 

1 90 

9 

102 

012 

96 

10 

98 

010 

93 

12 

98 

015 

90 

13 

97 

015 

90 

14 

1 96 

023 

i S5 

15 

101 

010 

96 

16 

93 

010 

88 

17 

1 98 

012 

1 92 

18 

99 

016 

91 

19 

90 

006 

93 

21 

103 

012 

97 

22 

91 i 

003 

90 

23 

100 j 

015 

1 93 

28 

103 

009 

1 101 

31 1 

106 

on 

100 

32 

93 

0 22 1 

84 

35 

104 

008 

100 

38 

99 

009 

95 


a few of which have occurred, in which the elimination in a two-hour 
test is low but is followed by a third hour elimination which is sufficiently 
high to make the total for three hours of 90 per cent or better, unless 
theie IS good evidence of marked delay in the passage of materials 
from the stomach into the intestines which could account for this by 
delaying the absorption of the sodium benzoate, it seems necessary to 
attribute this result to a slightly lo\vered renal function In normal 
tests in wdiich by mistake the urine is collected in a one-hour period 
followed by a two-hour period, the results to be expected aie a nearly 
even partition between the two periods of the total excretion of hip- 
puric acid for the three hours 

Two experiments carried out on a normal subject are of interest 
m connection wath the test The first experiment shows the eftect of 
drinking large quantities of w^ater, and the second, the efifect of the 
ingestion of a large amount of cranberries The results of the first 
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of hippunc acid m each two-hour specimen has been calculated (not 
shown m the table), and vanes from 0 32 per cent to 3 14 per cent 
It will also be seen that the dose of sodium benzoate per kilogram of 
body weight varied from 26 7 mg m Subject 14, who weighed 90 kg, 
to 50 mg m Subject 11, who weighed 48 kg 


Taisle 1 — Aotmal Benzoate Tests 


subject 

Sex* 

Wclfelit, 

Kk 

Hlppurlc Acid 

J-\cretcd 

Urine 

2 Hours, 
Cc 

Doses of 
Sodium 
Benroate 
per Kb of 
Body Weight, 
Mb 

2 Hours 
per Cent 

311ours, 
per Cint 

2 Hours, 
Gm 

1 

d 

08 

91 

102 

2 (.7 

1 123 

353 

2 

cf 

73 1 

89 

98 

2 5<) 

1 289 

32 9 

3 

d" 

(“S 

88 

96 

2dS 


35 3 

4 

d 

00 1 

'« 

102 1 

2 70 


364 

5 

9 

65 1 

86 

96 1 

2 52 


36 9 

6 

d 

(il 

82 

<r> 

2 41 

595 

39 4 

7 

d 

70 i 

87 

100 

2 55 

296 

34 3 

8 

d 

67 1 

83 


2 44 

190 

35 7 

9 

d 

£2 1 

80 

1 

102 

2 52 

340 

29 3 

10 

d 

61 

87 

98 ! 

2 55 

370 

39 3 

11 

9 

48 

ts) 

100 

*>0 

650 

600 

12 

d 

to 

76 

<e 

2 23 

109 

40 0 

13 

o 

51 

78 

97 i 

2 29 

360 

47 0 

14 

d 

90 ' 

87 

96 1 

255 

395 

26 7 

15 

d 

70 ' 

77 

101 1 

2 20 

3r>5 

34 3 

1C 

d 

70 

81 

93 ! 

238 

293 

34 3 

17 

d 

61 

78 

OS 

229 

153 

393 

18 

d 

71 1 

88 

99 

258 

100 

33 8 

19 

d 

64 

£0 

9(. 

2 35 

144 

375 

20 

d 

i ( 

87 

9S 

2 55 

146 

312 

21 

d 

70 

88 

103 

258 

204 

34 3 

22 

d 

54 

73 

91 

2 15 


44 4 

23 

d 

61 

78 

100 

2 29 

95 

39 3 

24 

d 

61 

81 

95 

2.38 

1 480 

39 3 

25 

d 

73 

88 

101 

258 

1 138 

829 

26 

d 

73 

83 

100 

2 44 

152 

32 9 

27 

d 

66 

73 

so 

2 14 

118 

36 4 

28 

d 

77 

91 

105 

265 

271 

312 

29 

d 

70 

92 

102 

2 70 

325 

34 3 

30 

d 

65 

81 

99 

238 

415 

369 

31 

d 

88 

i 

106 

2 46 

248 

273 

32 

d 

70 

74 

95 

2 17 

113 

34 3 

33 

d 

73 

76 

93 

2 23 

71 

32 9 

34 

d 


85 

99 

2 49 

390 


35 

d 

n 

81 

104 

238 

650 

338 

36 

d 

64 

84 

98 

2 46 

126 

37 7 

37 

d 

1 

87 

95 

2 55 

615 


38 

d 

73 ^ 

84 

99 

2 46 

650 

32 9 

39 

9 


81 

99 

2 38 

300 


40 

9 


71 

89 

208 

122 


41 

d 


90 

102 

2 65 

840 


42 

d 


83 

105 

2 44 

405 


43 

9 

1 

70 

100 

205 

498 


44 

9 


72 

104 

2 11 

480 



* In this column, cT indicates male, ? female 


In twenty-one of the normal tests, the three-hour output of hippunc 
acid when no benzoate had been ingested was also determined This 
was done for the first three hours of the morning on one day On the 
following day, benzoate tests were made, and the amount of hippunc 
acid which was so found, independent of the sodium benzoate ingested, 
was in each case subtracted from the values given by the tests These 
data are shown in Table 2 Although these results indicate that control 
experiments made m this way might increase the accuracy of the 
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exception of the benzoate tests, were obtained from the hospital In 
Table 5 are shown the summarized data from thirty-nme patients The 
fact that elimination in the benzoate test is always low m nephritis has 
already been shown, ^ and is confirmed by the results presented in this 
paper When the diagnosis of this condition is clear cut, there seems 
to be little need of making benzoate tests The value of this test lies 
in showing the degree of impairment of renal function early m 
glomerulonephritis, nephrosis, pyelonephritis and arteriosclerosis of the 
kidney It is also useful in determining the degree of improvement 
in function following the acute renal injury in toxemia of pregnancy 
The details of cases will be limited to numbers 41, 42, 43, 48, 54, 56, 
58, 60, 67 and 68 The diagnoses of these cases were made by Dr 
George E Fahr of the department of medicine, who kindly furnished 
data of certain other tests of renal function which he had made These 
are the water excretion test of Volhard," the determination of the con- 
stant of Austin, Stillman and Van Slyke,'^ MacLean’s urea concen- 
tration test ® and the phenolsulphonephthalem test of Rowntree and 
Geraghty ° 

REPORT OF CASES 

Cash 41 — Diagnost'; Toxemta of pregnancy On entrance to the hospital, 
the patient showed edema of the face and lower extremities, and a blood 
pressure, 190 systolic, and 110 diastolic Examination of the urine revealed 
granular and hyaline casts and a relatively large amount of albumin Blood 
urea nitrogen and creatmin at this time were 23 mg and 3 mg respectively, in 
100 cc of blood Four phenolsulphonephthalem tests resulted in 85, 69, 65 and 65 
per cent elimination m two hours About one month after entrance to the 
hospital, at the beginning of labor, the blood pressure was 160 systolic, and 
125 diastolic At about this time, there was a considerable amount of albumin 
in the urine A ben/oate test six days before parturition resulted m 50 per 
cent elimination in two hours, with a total for three hours of 69 per cent . 
definitely low At the time of the patient’s discharge from the hospital, the 
blood pressure was normal as was also the urea nitrogen of the blood Urinar> 
findings were normal 

Cask 42 — Dmgnous Snbchiomc gloinejuloncphult^ The blood pressure 
was 140 systolic, and 82 diastolic Examinations of the urine revealed albumin 
and casts constantly present Two phenolsulphonephthalem tests were normal, 
elimination being 66 and 63 per cent in two hours The blood showed a retention 
of urea The results in the benroate test on three occasions were constantly 
low The result in MacLcan’s urea concentration test was 0 9 per cent Ihe 


6 Volhard, F, and Fahr, T Die Brightschc Nierenkrankheit, Berlin, 1914, 

pp 121, 126 

7 Austin, J H , Stillman, E, and Van Slyke, D D Factors Governing 
the Excretion Rate of Urea, J Biol Chem 46 91 (March) 1921 

8 MacLean, H, and de Wcssclow, O L V On the Testing of Renal 
Efficiency, With Observations on the “Urea Coefficient,” Brit J Exper Pathol 
1 53 (Feb ) 1920 

9 Rowntree, L G, and Geraghty, T L An Experimental and Clinical 
Study of the Functional Activity of the Kidneys by Means of Phenolsulphone- 
phthalcin, J Pharmacol & Exper Therap 1 579, 1910 
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experiment are shown m Table 3 It will be seen that by drinking 
1,850 cc of water during the fiist two hours of the test, the excretion 
of hippuric acid can be raised from a normal average value of about 
80 to 85 per cent , with a water intake of about 500 c c , to 100 per cent , 
the value foi a three-hour test 

The effect of eating 240 gm of cranberries with 100 gm of sucrose, 
for the evening meal, on the output of hippuric acid for the next few 
hours IS shown m Table 4 As will be seen, there is little increase in 
the output of hippuric acid over the normal for the first three hours 
The bulk of hippuric acid is formed and excreted during the next 
eleven hours, and the rate of excretion has become nearly normal again 


Table 3 — The Effect on the Benzoate Test of Drinking a Large 

Quantity of Water 


lime 

1 

Water I 
InfccslcU, 
Cc 

! Urine 

1 ^ 

! F\cre 
' tlon ! 
1 jicr Cent 

RcniarLs 

11 17 n in 

COO i 


1 

2 4 gm soclluiii benzoate ingested 

11 47 n in 1 

700 

302 

25 


12 17 a ni 1 

270 

404) j 

f>4 


12 47 a m 

270 

3S7 1 

SO 


1 17 p m 1 

i 

250 

20S 1 

100 



Table 4 — Effect of Eating Cianbci i us in the A'onnal Subject 


Time 

Urine 

Voided. 

Cc 

Hippuric Acid , 
1 \creted, i 
Gm j 

Remarks 

C 00 p m 

7 00 p ni 

90 

0170 

240 gm of cranberries boiled I'lth ivater, 
and 100 gm of sucrose ingested 

8 00 p in 1 

3G3 

0150 


9 OO p in 

31 

0100 


11 20 p m 1 

178 

0 042 


8 00 a ni 

358 

1 “-73 


11 00 a in 

779 

^ 1 

0 358 

j 


within fourteen houis Under noimal conditions, cranberries, which 
are relatively rich m benzoic acid, could be eaten m large quantities at 
the evening meal without appreciably affecting the results of the 
benzoate tests made the following day on normal subjects This would 
probably apply equally well to the ingestion of fruits With subjects 
suffering from pathologic conditions, it could not be assumed that the 
ingestion of large amounts of cianberries or fruit at the evening meal 
piecedmg the test would be without effect on the test itself For this 
reason, the procedure of ruling out fruit as outlined above was strictly 
adhered to 

TESTS ON HOSPITAL PATIENTS 

These were carried out m the University Hospital, with the coopera- 
tion of the department of medicine All laboratory data, with the 
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Case 58 Diagnosis Subchi oiiic glomctuloncphtilis Elimination in Mac- 
Lean s test was 0 65 per cent , definitely low , phenolsulphonephthalein output 
on two occasions was 5 and 6 per cent in two hours , elimination by ben 7 oatc 
tests 23 per cent in two hours, with a total for three hours of 36 per cent , 
the constant of Austin, Stillman and Van Slyke was 1 1 and 0 7 on two occasions, 
definitely low There was a considerable retention of urea m the blood 

Case 60 Diagnosis Hypet tension with ai tciiosclcroiic kidneys Tliere 
was a variation in the specific gravity of the urine of 1 002 and 1 016, with 
day and night volumes of 1,209 and 1,600 cc, respectively The systolic blood 
pressure was from 180 to 215 during rest in bed Elimination in MacLean’s 
test was 15 per cent, definitely low, the phenolsulphonephthalein output was 
63 and 54 per cent on two occasions A urea nitrogen test of the blood showed 
no retention The constant of Austin, Stillman and Van Slyke was 4 and 2 5 
on two occasions, the first value being on the borderline of normality and the 
second low Elimination by the benzoate test was normal on the first occasion, 
and slightly, but definitely, low on the second, agreeing closely with the findings 
by the constant of Austin, Stillman and Van Slyke 

Case 67 — Diagnosis Hypertension The constant of Austin, Stillman and 
Van Slyke was 5, which is within normal range The result with Volhard’s water 
excretion test was low MacLean’s test, 1 8, was nearly normal, but results 
with the benzoate test were decidedly low, 35 per cent for two hours, with a 
total of 60 per cent for three hours Systolic blood pressure ranged from about 
190 to 200 

Case 68 — This patient had shown a high blood pressure for the preceding 
four years, with a present systolic pressure of 224 when up and about, and 148 
, when in bed Albumin and casts were found during the first pregnancy 
Recently, a few casts and a trace of albumin had been noted The eye-grounds 
indicated hypertension Urea nitrogen and creatinin were at a normal level in 
the blood The constant of Austin, Stillman and Van Slyke was normal (7 8) , 
results in the benzoate test, Volhard’s, MacLean’s and the phenolsulphone- 
phthalein test were all normal This case was diagnosed as essential hyper- 
tension It IS to be noted that none of the renal function tests indicate any 
reduction of kidney sufficiency 

SUMMARY AND CONCLUSIONS 

1 The benzoate test indicates the impairment of renal function 
early There is a fairly close agreement in this respect with the watei 
excietion test of Volhard, the urea concentration test of MacLean, 
and the constant of Austin, Stillman and Van Slyke, in the few cases 
111 which the comparison was possible 

2 The benzoate test indicates renal insufficiency earhei than does 
a test of the urea content of the blood Low results m benzoate tests 
have been noted m cases showing at the same time a normal concen- 
tration of urea in the blood Normal indications in benzoate tests have 
not been obtained on patients whose blood showed at the same time a 
retention of urea For this leason, it seems unnecessary to make urea 
determinations in the blood until benzoate tests have first been made and 
have shown a definite renal insufficiency ^ 

3 The results of this paper confirm and extend those of Swanson 
and myself Additional data have been presented on the test with 
normal individuals, by which to judge the results obtained with patients 
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normal kidney under the conditions of this test effects a concentration of urea 
of 2 per cent or more The constant of Austin Stillman and Van Slyke was 
also low, 1 8, the normal constant being 7 5 plus or minus 3 The condition 
of the patient at the time of discharge from the hospital showed no improve- 
ment The close agreement between the findings by the benzoate test and 
those of MacLean and Van Slyke and co-workers is to be noted This is in 
harmony also with the blood findings The phenolsulphonephthalein test failed to 
indicate any renal injury 

Case 43 — This patient on admission to the hospital had a blood pressure 
of 165 systolic, and 120 diastolic Examination of the urine revealed many 
granular and hyaline casts and a large amount of albumin The blood showed 
a slight retention of urea A phenolsulphonephthalein test at this time resulted 
in an elimination of 36 per cent in two hours Shortly after parturition, a ben- 
zoate test resulted m 64 per cent elimination in two hours with a total for 
three hours of 87 per cent , slightly, but definitely, low A phenolsulphone- 
phthalein test four days previously was normal The blood at this time con- 
tained 10 mg of urea nitrogen and 1 7 mg of creatinm in 100 c c Urinary 
findings, except for a very slight trace of albumin, w'cre normal Subsequently, 
tw'o benzoate tests were normal , the urinarv findings and blood pressure w’ere 
normal, and the patient was discharged from the hospital The diagnosis of 
this case was toxemia of pregnancy It is to be noted that at the time the 
blood findings had indicated a return to the normal condition, there was still 
a slight indication of renal insufficiency by the benzoate test This w'as not 
showm by the phenolsulphonephthalein test 

Case 48 — Diagnosis Duodenal ulcci A low'ering of elimination in the 
benzoate test would perhaps be expected m this case because of the possibilitv 
of the duodenal ulcers interfering with the normally rapid absorption of sodium 
benzoate The benzoate test specimens, through an error, were collected one 
and three quarters and six and a quarter hours, respectnclj, after the inges- 
tion of the 2 4 gm of sodium benzoate The values obtained 46 per cent in 
the first period and 101 per cent for the total period, are low but are 
probably not due to any impairment of renal function in this particular case 

Case 54 — Diagnosis Pyelonephritis On one occasion, high and on another 
occasion low elimination was shown in a phenolsulphonephthalein test Results 
in the bezoate test were low on both occasions There w'as a considerable 
retention of urea nitrogen in the blood, which was lowered somewffiat by treat- 
ment The constant of Austin, Stillman and Van Sb’ke, 2 8, was definitel} low 

Case 56 — A pregnant woman infrequently gave slightly positive reactions 
in tests for albumin in the urine, and occasionally a hyaline cast was found 
The systolic blood pressure was never below 190, even w'hen the patient w'as 
resting in bed On the administration of nitroglycerin, there w'as a rise in 
blood pressure Results in Volhard’s water excretion test were definitel> low 
There w'as no edema Elimination in MacLean’s test w'as 1 per cent , a definitely 
low result Phenolsuphonephthalem output \aried from 40 to 63 per cent m 
two hours The constant of Austin, Stillman and Van Slyke was 2 3 2 3, 
and 2 8 on three occasions, all definitely low Elimination in benzoate tests, 
one made before delivery and two afterward, was, respectively, 56 per cent m tw'O 
hours, with a total of 86 per cent for three hours , 54 per cent for two hours 
with a total of 75 per cent for three hours, and 66 per cent for tw'O hours 
w'lth a total of 86 per cent for three hours, all results being slightly, but 
definitely, low Urea and creatinm in the blood taken at the time of labor were 
in normal amount Blood pressure findings after parturition show'ed a definite 
improvement in the patient’s condition and Avere normal at the time the patient 
W'as discharged from the hospital Data from the university dispensary showed 
this to be a case of hypertension 
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saturated salt solution, then filtered and titrated The two titration 
figures obtained w^ere 0 08 c c and 0 12 c c of one-tenth normal sodium 
ethylate The blank on 200 c c of the same toluene similar!} treated 
using water instead of urine was 010 cc No free benzoic acid Avas 
found, not even a determinable trace, although in the three-hour period 
the patient excreted 0 362 gm of hippuric acid and in the following 
twenty-one hour period 1 836 gm of hippunc acid This is the type of 
nephritis which presumably is that designated bj Morguhs and his 
co-workers as “parenchymatous,” in wdnch they claim that free benzoic 
acid was excreted 

Our explanation of the mam source of error in the wmrk of Mor- 
guhs, Pratt and Jahr is that they extracted some of the hippunc acid 
present, since chloroform, wdnch they used for this purpose instead of 
toluene, is w^ell known to have a solvent effect on hippunc acid, and 
the hippunc acid so extracted was titrated and called free benzoic acid 
Possibly tw^o other sources of error also crept into their wmrk, for 
otherwise it is hard to explain the magnitude of the blanks wdnch they 
mistook for free benzoic acid The first is that of using acid samples 
of chloroform Long experience on the part of one of us has taught 
that chloroform is a most uncertain substance in this respect unless 
carefully washed just prior to use, and the second is that of the spon- 
taneous decomposition of hippunc acid with the resultant release of 
free benzoic acid in specimens of urine not caiefully acidified We 
used adequate amounts of 2 per cent nitric acid which prevents this 
accidental hydrolysis, as Raiziss and Dubm have found, and wdnch we 
have confirmed many times in this laboratory 
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ADDITIONAL OBSERVATIONS 

Since this article was prepared, a paper by Morgulis, Pratt and 
Jahr has appeared containing misleading allusions to the original work 
of Kingsbury and Swanson and criticisms of some of their conclusions 

These authors, by finding what was apparently free benzoic acid 
in the urine of patients Avith parenchymatous nephritis who had been 
given sodium benzoate by mouth, concluded that some benzoic acid had 
escaped conjugation with glycin The claim was made that our “assump- 
tion” of the nonoccurrence of free benzoic acid in the urine in such 
cases was incorrect We made no such assumption as this but determined 
the fact (see page 7 of our original paper This was done in a case 
of glomerulonephritis, the diagnosis of which was checked by necropsy 
findings and in a case of nephritis of the arteriosclerotic type which 
was also checked by necropsy, as well as in two so-called cardiorenal 
cases After giving each of these patients the prescribed dose of 2 4 
gm of sodium benzoate, the three-hour urine specimens were analyzed 
by the Raiziss and Dubin method for free benzoic acid (albumin 
having previously been removed by our procedure) The titration 
figures obtained were blanks inherent in the analytic procedure and did 
not represent any detectable amount of free benzoic acid For ordinary 
100 cc samples of urine such blanks were from 005 to 010 cc of 
one-tenth normal sodium ethylate Using distilled water in place of 
urine, the same blanks were obtained 

In confirmation of this earlier work, an experiment was quite 
recently made on a case of glomerulonephritis which was fatal about 
one week after the benzoate test was made This patient showed a 
marked retention of urea nitrogen, and necropsy subsequently proved 
that the diagnosis was correct Sodium benzoate, 2 97 gm ( 1 8 gm 
per square meter of body surface) were gnen to this patient, and 
the three and the twenty-four hour output of hippunc acid determined 
This amounted in three hours to 10 per cent and in twenty-four hours 
to 60 per cent , in both cases being wholly in the form of hippunc acid 
as the determinations below show Large samples, 170 c c and 250 c c , 
respectively, of the three and the twenty-one hour specimens were 
analyzed by the method of Raiziss and Dubin after albumin had been 
removed Five cubic centimeters of concentrated nitric acid for acidi- 
fying the urine specimens and approximately 100 gm of ammonium 
sulphate were added and four extractions made with 50 c c portions 
of neutral, washed toluene The combined 200 c c portions of toluene 
extract in each case were washed with 100 c c of the Folm-Flanders 

10 Morgulis, S , Pratt, G P , and Jahr, H M Hippunc Acid Synthesis 
as a Test for Renal Function, Arch Int Med 31 116 (Jan ) 1923 

11 Raiziss, G W, and Dubin, H On the Estimation of Benzoic 4cid m 
the Urine, J Biol Chem 20 125 (Feb) 1915 
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factor in producing sources of error The ideal method would be one in 
which the end-point is determined by viscosity changes m the blood 
with a mimmuni of agitation, since agitation delays the gelation , and 
in which the blood is kept at or near body temperature from the time 
of drawing These ends must be attained without complexity of 
procedure or apparatus, if the method is to be clinically useful 

During the last few months, one of us, in making studies of the 
clotting time under various conditions, found that none of the foregoing 
methods answered our needs fully, owing either to the complexity of 
the method, or its inaccuracy under varying external conditions, and 
we therefore sought for a simple yet dependable method that could 
be applied at any time or place with little difficulty 

The following method, which has now been used in hundreds of 
determinations, answers these requirements Its sources of error are 
quite easily conti oiled, as we have determined by caieful tests The 
results, for practical and comparative purposes, are surprisingly accurate 

The method depends on the fact that blood ceases to flow back and 
forth in a capillary tube at the first sign of clotting Capillar}' tubes 
of from 0 6 to 08 mm inside diameter are drawn from clean glass 
tubing and cut into about li/4 lengths The blood is obtained from 
a stab wound of the fingei or ear, the first drop being wiped oft Tlie 
tube is touched to the second drop, and the blood is allowed to flow 
in by capillarity, leaving about one fourth inch unfilled Time is 
counted from the appearance of the second drop over the wound Some 
pressure, piovided it is applied at a little distance from the wound, is 
permissible in getting the drop to form rapidly Aftei filling, and in 
ordei to secure a constant and definite temperature, the tube is placed 
in one of the creases of the palm and completely corered by closing 
the hand This gives a unifoim tempeiature, somewhat below that of 
the body (about 35 C ), and ob\iates the necessity of a water bath or 
chamber of any sort By simply opening the hand slightly for obseia a- 
tion when inverting the tube, one may note the end point without 
changing the tempeiature or disturbing the tube The tube should be 
gently inverted every thirty seconds, and observation made of the time 
when the column ceases to move, on being so inverted Jarring and 
shaking tend to prolong the clotting time and should therefore be 

avoided 

The diameter of the tube should be sufficient to allow a rather free 
flow of the blood when the tube is held upright just after filling If 
the tube is too small, the attraction of the glass, a slight drying at the 
two ends of the blood column and an increase m the viscosity of the 
blood on cooling slightly all tend to impede the flow, with the result 
that the real end-point cannot be distinguished 



A NEW METHOD FOR ACCURATELY DETERMINING 
THE CLOTTING TIME OF THE BLOOD* 
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Medical Fellow of the National Research Council 

CINCINNATI 

The coagulability of the blood is often one of the most important 
factors with which the clinician must deal In all cases of bleeding, 
It IS essential to determine whether the cause is a delayed coagulation of 
the blood or some other factor, such as local infection and injury of 
blood vessels This is especially true m purpura, hemophilia, bleeding 
in the new-born and jaundice, and in preoperative examination of 
patients An accurate method of estimating this property of the blood 
IS therefore essential for the proper handling of such cases For clinical 
use, the method must be simple and require little apparatus 

Many methods have been advocated to determine the clotting tune, 
their very number indicating that none is quite satisfactory A com- 
plete and comprehensive review of all these methods up to 1907 is found 
m a paper by Hinman and Sladen ^ Since that time, a number of 
modifications of the old methods, and a few new ones have been 
described We will consider only the fundamental shortcomings of 
these methods 

As regards the temperature factor, several investigators have shown 
the marked effect of the temperature on the clotting time, while 
Rudolph ^ goes so far as to say that there is one minute difiference for 
each degree of change m temperatuie between 15 and 20 'C Many 
of the methods in use disregard this important factor entirely, while 
others attempt to control it by means of water-bath devices With 
the temperature uncontrolled, the methods lose most of their value even 
for comparative work, while all water bath devices are either too small 
to maintain a constant temperature, or are too complicated for wide- 
spread clinical use 

In the Brodie and Russell method ^ and its modifications, the factors 
of evaporation and agitation of the blood are added to the temperature 

From the departments of pediatrics and medicine. University of Cincinnati 
Medical College and Cincinnati General Hospital 

1 Hinman, F , and Sladen, F J Measurement of the Coagulation Time 
of the Blood and Its Application, Bull Johns Hopkins Hosp 18 207, 1907 

2 Rudolph, R D A Clinical Method of Estimating the Coagulation Time 
of the Blood, Am T M Sc 140 807 1910 

3 Brodie, T G , and Russell, A E The Determination of the Coagula- 
tion Time of Blood, J Physiol 21 403, 1897 
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ale lunch at about the same time, i e , 12 m to 12 30 p m Tlie clotting 
times were taken about three and one half hours later, as shown in 
Table 3 

The method is reliable in giving similar results under like conditions, 
when the precautions mentioned earlier are observed It does not give 
the true clotting time of the blood alone, since the method of obtaining 
the blood allows of an admixture of tissue juices from the wound edges 
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But, for practical purposes, this is just what is desired Clinically, we 
are interested, not in the circulating blood so much as m the coagu- 
lation of the blood through injured tissue The degree of protection 
afforded the body by the interaction of all the blood clotting factors is 
shown by this method and others of like nature 

The clotting time of the blood may be accurately determined by this 
means with such ease and simplicity that there no longer exists any 
good reason why clinicians everywhere, in hospital, office, or home, 
should not take advantage, m all indicated cases, of the knowledge 
thus to be gained 
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With a clotting time of approximately three minutes, the tube 
should be inverted every thirty seconds When it is beyond from five 
to SIX minutes, it should be inverted every minute, and when less than 
two minutes, every twenty seconds The simplicity of the method 
permits the making of two or three determinations without discomfort 
to the patient, so that results may be compared and averaged As a 
rule, the different readings do not vary more than twenty seconds 

The normal clotting time with this method depends on several 
factors, such as the time of day wdien the determination is made, the 
length of time since the last meal and the nature of this meal Mills 
and Nakayama ^ have found that the normal clotting time with no food 
in the gastro-intestinal tract is usually from three to three and a half 
minutes by this method For from one to three hours after each meal. 
It IS lowered to from one and one half to two minutes, rising again to 


Table 1 — Dctcimuwlioit of Clottvig Time 
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three minutes, usually before the next meal So it is evident that the 
clotting time depends greatly on the time of making the determination, 
as shown in Table 1 It is advisable to determine the clotting time 
always at the same time of day, either before breakfast or just before 
some other meal In this way, the clotting time, uninfluenced by diges- 
tion, food, etc , can be determined for comparative purposes over a 
long period of time This clotting time, to which the blood reverts 
after each meal, may be termed the basal clotting time 

In Table 1, we submit the results of a few detennmations demon- 
strating these statements 

To show that these are not accidental variations, we submit in 
Table 2, a series of determinations (Sept 13, 1922) on the same 
individual, showing how constant the clotting time is under the same 
conditions 

Another senes of determinations made on different individuals at 
the same time of day show only slight variations All these persons 

4 Mills, C A , and Nakaj^ama, Joseph The Effect of Food Ingestion on 
the Clotting Time of the Blood, to be published 
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following the use of barium chlond Kach of the foregoing substances 
apparently increased the irritability of the heart, thus contributing to 
the appearance of the irregularity 

From the standpoint of auricular fibrillation, experimental obser- 
vations on the reaction of the auricles to vagal stimulation are varied, 
and are apparently conflicting It is generally known that stimulation 
of the vagi may alter the auricular action m auricular fibrillation ' The 
auricles dilate, and the movements become smaller and more rapid 
In other instances of auricular fibrillation, vagal stimulation may be 
followed by a normal auricular mechanism ® On the other hand, the 
stimulation of the vagi has been observed to promote or induce an 
absolute irregularity in the normal by contracting auricles An auri- 
cular fibrillation has even been noted to follow the sectioning of the 
vagi Lewis, Drury and Bulger have recently confirmed the fore- 
going reactions vith the exception of the last, and conclude that all 
are compatible with the circus movement of auricular fibrillation The 
four cases presented herewith are of interest in that in each premature 
contractions were induced by forced breathing In one, the pre- 
mature beat appeared after administration of epmephnn In two, 
auricular fibrillation followed the administration of epmephnn In one 
of the latter, the absolute ii regularity was at one time provoked by 
forced breathing 

REPORT OF CASES 

Case 1 — Piciiiatuic contiactions mduced by foiccd bieathing and chminatcd 
by atiopin J S, aged 31, complained of shortness of breath, palpitation and 
an occasional irregular action of the heart He was evtremel}' nervous The 
cardiac symptoms dated back to military service He stated that prior to that 
time his general health had been very good His past history was negative for 
the infections that ordinarily induce cardiac disease There was no history of 
real infection, and the Wassermann test on the blood was negative 

The examination was negative except for the heart The cardiac impulse 
was well within the nipple line in the fifth interspace A very faint diastolic 
murmur was heard to the left of the sternum m the third and fourth inter- 
spaces The heart was extremely irritable The rate increased to 140 per 
minute with the hopping test but subsided to 80, the original count, within two 
minutes The systolic blood pressure was 130, the diastolic, 80 A premature 
contraction appeared regularly with forced breathing during expiration The 
electrocardiogram taken during deep breathing sho-\\ ed a variation in the dura- 
tion of the cardiac cycles from 0 68 to 095 second The premature beat 
occurred during the height of vagal tone (Fig 1, top) This irregularitv was 
eliminated by atropm (Fig 1, bottom) There was in addition some depression 


7 Lewis, Thomas Heart 1 306, 1909-1910 Rothberger, C J , and Winter- 
berg, H Arch f d ges Physiol Robinson, G C J Exper Med ,17 429, 
1913’ 

8 McWilliams, J A J Phvsiol 8 296, 1887 Hirschfelder, A D Bull 
Johns Hopkins Hosp 19 322, 1908 Cushny A R Am J M Sc 141 826, 
1911 Garrey, W E Am J Physiol 21 283, 1908 

9 Wmterberg, H Arch f d ges Physiol 122 361, 1908 

10 Lewis, Thomas , Drury, A N , and Bulger, H A Heart 8 141, 1921 
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Numerous attempts have been made to produce premature con- 
tractions 111 the experimental animal by the stimulation of the vagus 
and the sympathetic nerves Rothberger and Wmterberg ^ and Kure ■ 
were perhaps most successful in these experiments The former 
investigators employed combined stimulation 'of the vagi and the 
sympathetic, and the latter stimulated the sympathetic Lewis “ records 
one instance m which premature beats followed the stimulation of the 
left vagus on repeated occasions In a later survey of the subject, 
Lewis * questions the interpretation placed by Rothberger and Winter- 
berg on some of their curves, and calls attention to the very low per- 
centage of positive results obtained by Kure He further points out 
that, in the large number of experiments m which he has stimulated 
the vagus under varying conditions, m only one instance did the 
extrasystoles seem to be related to nerve impulses Lewis thus con- 
cluded that experimental observations did not demonstrate that an 
abnormal action of the cardiac nerves alone was responsible for the 
premature beat He was, however, of the opinion that nerve impulses 
might provoke extrasystoles in the heart predisposed to the disorder 
This conclusion was based on experimental investigations made by 
Levy . and Rothberger and Wmterberg ® The former noted the 
appearance of premature contraction on stimulation of the sympathetic 
or on sectioning the vagi after the administration of chloroform 
The latter produced piemature beats by stimulation of the sympathetic 

’*'From the Medical Department of Rush Medical College 

1 Rothberger, C J, and Wmterberg, H Arch f d ges Physiol 141 
343-377, 1911 

2 Kure, K Ztschr f exper Path u Therap 12 389-459, 1913 

3 Lewis, Thomas Heart 5 247, 1913-1914 

4 Lewis Thomas The Mechanism and Graphic Registration of the Heart 
Beat, New Y^ork, Paul B Hoeber, 1920, p 345 

5 Levy, A G Heart 7 105-110, 1918-1920 

6 Rothberger, C J , and Wmterberg, H Arch f d ges Physiol 142 
401-522 1911 
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The initial electrocardiogram showed a regular rhythm (Fig 2, top) The 
curve at the bottom was taken twenty minutes after the hjpodcrniic administra- 
tion of epinephrm, 10 minims (1 1,000 solution) Leads II and III show the 
effects of deep breathing There are now periods during w'hich there is a 
definite slowing of the cardiac rate associated with the onset of an idioven- 
tricular rhythm and the appearance of premature contractions 

Case 3 — Picmatwe cont) actions duitng foiccd bicathing, and aunculat fihi il- 
lation foUozmng the adniinisti atwn of epincplii in F P, aged 32, complained of 
an occasional vague distress in the precordial region He was highly nervous, 
in this respect resembling very much the patients previousl}' considered His 
past history was negative and there was no v'enereal infection 

The heart was normal in size and there were no murmurs Premature con- 
tractions appeared fairly regularly during forced breathing They seemed to 
occur near the end of the greatest inhibition in the cardiac rate The svstolic 



Fig 2 (Case 2) — Top Curve taken during forced breathing Bottom The 
electrocardiogram was taken twenty minutes after administration of epinephrm 
Leads II and III show the effect of deep breathing There are periods of inhibi- 
tion in the cardiac rate during which there is an idioventricular rhythm and 
premature contraction 

blood pressure was 118, the diastolic, 80 The electrocardiogram verified these 
findings with regard to the extrasystole (Fig 3, top) There was a greater 
variation in the duration of the cardiac cycles during forced breathing than 
in the preceding patient The changes in the auricular deflection during the 
increased vagal tone were similar to those shown by the electrodiogram of the 
first patient considered There was an occasional instance in which there 
was no evidence of auricular activity preceding the ventricular deflection Fol- 
lowing the electrocardiogram shown in Figure 3 (top), 10 minims (1 1,000 
solution) of epinephrm hydrochlorid was given hypodermically In about 
fifteen minutes, the auricles went into fibrillation (Fig 3, bottom) Vagal 
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of the auricular wave during vagal inhibition The auricular deflection was 
diaphasic in some instances, and was occasionally negative with a shortening 
of the P-R interval The change in the auricular phase of the electrocardiogram 
persisted to some extent after the administration of atropin sulphate, one-fiftieth 
grain 

Case 2 — Piematuie contiacUons and tdiovcnfitculai ihythm dunng foiccd 
bieathiug following 'admtntstraiion of epmcphrtn W K, aged 22, complained 
of nervousness and occasional cardiac irregularity His past history was nega- 
tive, and the Wasermann test of the blood was negative, 

The apex impulse was 1 cm outside the nipple line in the fifth interspace 
A soft diastolic murmur was heard to the left of the sternum in the third and 
fourth interspaces The svtolic blood pressure was 130, the diastolic, 70 



Fig 1 (Case 1) — Top The three leads were taken during forced breathing 
The duration of the cardiac cycles in Lead I varies from approximately 0 68 to 
0 95 second In each lead is shown a premature contraction which appears 
during vagal inhibition A change in the form of the auricular deflection is 
noted in Leads II and III In Lead II, the second and fourth are depressed 
The third seems diaphasic and the fifth is apparently negative In Lead III, 
there is only one positive auricular wave, and it appears during the accelerated 
period Bottom Lead II was taken dunng forced breathing twenty minutes 
after the administration of atropin sulphate, one-fiftieth grain The extrasys- 
tole has disappeared, but the change in the auricular deflection persists 




Fig 4 (Case 4) — Leads I, II and III taken during forced breathing In 
each lead a premature contraction occurs during the period in which there is 
an inhibition m the cardiac rate Preceding the appearance of the evtrasj stole, 
there are changes in the form of the auricular deflection 



Fig 5 (Case 4) — Top Lead II The onset of auricular fibrillation induced 
by deep breathing Middle Lead II The auricular fibrillation induced by 
epmephrin was broken up into short paroxjsms bj combined pressure over the 
carotid sheaths and forced breathing The normal auricular mechanism vas 
restored for a few cycles during expiration It is observed that premature 
contraction appeared during this period It is to be further noted that the onset 
of the absolute irregularity is preceded by an extrasvstole Bottom Lead II 
The auricular mechanism resembles that of flutter The record was taken after 
the administration of ph>sostigmin, one se\ ent\ -fifth gram 
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stimulation by forced breathing and by pressure on the e>es and the carotid 
sheaths apparently did not influence the absolute irregularity The auricular 
fibrillation continued for about two hours 

Case 4 — Premature contractions and aunciilar fib) illation follozving deep 
hicathing F W , aged 39, consulted a physician because of attacks of rapid 
action of the heart These attacks had occurred at infrequent intervals for 
about two years They had repeatedly been observed to appear during periods 
of excitement and high nervous tension He had recently been compelled to 
take a physical examination for a position, and had been fearful that he might 



Fig 3 (Case 3) — ^Top The record was taken during forced breathing In 
Leads II and III, premature beats appear near the end of vagal inhibition 
Changes in the auricular deflection are also noted, particularly m Lead III 
The fifth auricular complex is a slightly negative phase In the sixth cardiac 
cycle, there is no evidence of auricular activity preceding the ventricular deflec- 
tion Bottom Lead II shows an auricular fibrillation following the adminis- 
tration of epinephrm, 10 minims (1 1000 solution) 

not pass the physical test because of the possible onset of the tachycardia No 
sooner had he presented himself for the examination than an attack occurred 
The examining phvsician noted that the cardiac rate was extremely rapid and 
the rhythm apparently absolutely irregular The attack ended abruptly shortly 
after the examination 
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Ihe migration of the pacemaker fiom the sinus to the aiiriculo\entri- 
cular node may be sudden or gradual If the former, there is an 
abrupt change in the auricular complex fiom a positive to a nega- 
tive form, with a shortening of the P-R interval If the lattei , the 
auricular wave may be flattened or become diaphasic befoie it finall}^ 
reaches the negative phase During the intermediate changes from 
the positive to the negative form, the impulse may arise from both 
the sinus and auriculoventricular nodes Theie is an occasional instance 
in which there is no evidence of auricular activity preceding the 
ventricular deflection It is believed that undei these circumstances 
the pacemaker may have migrated to a lower level m the auriculoven- 
tricular node, or theie even may be an escape of an idioventnculai 
rhythm 

The mechanism responsible foi the change in the location of the 
pacemaker m the second patient is appaiently diffeient from that in 
the three patients pieviously considered The opposing actions of the 
vagi and sympathetic nerves m the patient weie well balanced under 
normal conditions even with deep breathing (Fig 2, top) After 
the administration of epmephrm the action of these neives was markedly 
deranged It will be noted that theie are periods of inhibition m 
the cardiac late during which there is an escape of an idioventnculai 
ihythm resulting m a dissociation of the auricles and ventricles (Fig 2, 
bottom) It would seem that the phenomena might be explained on 
the basis of a combined stimulation of the vagi and sympathetic by 
the epinephim, m which the abnoimal action of the formei is mani- 
fested chiefly on the sinus node, whereas that of the lattei inci eases 
the inherent ihythm of the ventiicles In the experimental animal, 
an inhibition of the caidiac rate has frequently been obseived follow- 
ing the admimstiation of epinephim This was explained on the basis 
of vagal stimulation 

An idioventnculai ihythm occasionally follows the administration 
of atiopm Wilson^"’ and White have each lepoited a patient m 
whom this phenomenon was observed In each instance, there was 
a delayed conduction of the auriculoventiicular bundle The cuives 
shown 111 Figures 6 and 7 aie of particular interest m this connection, 
m that the aniiculoventiiculai dissociation lesulting fiom a recui'ring 
cardiac infection was latei reproduced by admimstiation of atropm 
The electiocardiogram in the case of this child first showed a piolonga- 
tion of the P-R interval similai to that m (Fig 6, bottom) Later, 
theie was an aunculai ventricular dissociation (Fig 6, top) After 
about two months, the sinus rhythm was again established (Fig 6, 

15 Wilson, F N The Production of Atrioventricular Rlnthm in Man After 
the Administration of Atropm, Arch Int Med 16 989 (Dec ) 1915 
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The general health had been very good There was a historj of typhoid 
fever m childhood, but no other serious illness, rheumatism, a relative freedom 
from sore throats, and no venereal infection The Wassermann test on the 
blood and spinal fluid was negative The teeth had recently been roentgen 
rayed Five were found to have apical infections and were extracted The 
patient was accepted for life insurance in 1920_ The examining physician noted 
a rapid cardiac rate and requested that he return' for another pulse reading 
The patient was more than 6 feet tall and weighed 190 pounds (864 kg) 
He appeared to be m excellent general health The physical examination was 
negative except for the heart, which was normal in size and without murmurs, 
but during ordinary breathing showed a slight waxing and waning of rate 
The patient was requested to breathe deeply Short attacks of rapid irregular 
heart action appeared during expiration (Fig 5, top), persisting as long as 
the forced breathing was continued but subsiding as soon as normal respiration 
was established The patient was very' anxious about the condition of his heart 
He had had little sleep for several nights and was extremely nervous He 
was encouraged and told to forget the heart, and was asked to return iii one 
week He apparently placed absolute confidence in the ad\ice and began at 
once to sleep soundly through the night One week later, he returned for 
further obseix'ation The nervousness had subsided and he had no further 
trouble with the heart We were unable to produce the aimicular fibrillation 
by forced breathing, but premature contractions occurred regularly at the height 
of vagal inhibition (Fig 4) The patient was then gnen 10 minims (1 1,000 
solution) of epmephrin, hypodermically At the end of twenty minutes, an 
extremely rapid, irregular cardiac rhythm was precipitated by forced breathing 
Unfortunately', the onset of the auricular fibrillation w'as not caught by the 
electrocardiograph Later, on forced breathing, the irregularity occurred in 
short paroxysms (Fig S, center) The normal auricular mechanism was 
restored for a few cardiac cycles during the period of greatest vagal inhibi- 
tion, produced by pressure o\er the carotid sheaths at the time of expiration 
The patient was then given physostigmin, one seventy-fifth grain The electro- 
cardiogram taken twenty' minutes later showed auricular flutter (Fig 5, bot- 
tom) We may add that this patient also had changes in the auricular deflec- 
tion of the electrocardiogram, with expiration during the period of normal 
auricular mechanism 


COMMENT 

The changes that occurred in the auricular deflection of the electro- 
cardiogram of three of these patients have been described by Wilson,^^ 
White and others Similar variations m the auricular waA e have 
been produced experimentally m animals by Lewis and his co-workers 
and by Meek and Eyster The mechanism of this phenomenon in 
man is dependent on an increased action of the vagus nerves on the 
sinus node over that on the lower rhythmical centers, and is com- 
parable to that produced experimentally m animals by the stimulation 
of the right vagus The rate of the sinus node is sufficiently decreased 
to permit the escape of the auriculoventricular node as the pacemaker 

11 Wilson, F N Three Cases Showing Changes in the Location of the 
Cardiac Pacemaker Associated with Respiration, Arch Int Med 16 86-9/ 
(July) 1915 

12 White, P D Ventricular Escape, Arch Int Med 18 244 C-^ug ) 1916 

13 Lewis, Thomas , Meckins, J , and White, P Phil Tr Roy Soc , London, 
Series B 205 375, 1914 

14 Meek, W J , and Eyster, J A E Heart 5 227-246, 1913-1914 
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bottom) At this time, the child %\as gnen 1/300 grain atropm 
sulphate, hypodermically The electrocardiogram taken tw ent} minutes 
later shoiied an auriculoventricular dissociation (Fig 7) Wilson has 
explained this reaction on the basis of an unequal distribution of the 
action of atropm on the ^agus endings He considered that those 
fibers which supply the auriculoventricular bundle were perhaps para- 
lyzed first This, in turn, permitted the escape of a ventricular rhythm, 
resulting in a dissociation of the auricles and ventricles The observa- 
tion in this patient suggests that vagus action on the auriculoventricular 
bundle might have been deranged by the infection 

In each of the first four patients, the premature contractions were 
induced by forced breathing They regularly appeared during the 
period of the inhibition of the cardiac rate It would thus seem that 
the stimulation of the vagi incident to deep breathing influenced the 
appearance of the irregularity It w'ould also seem that an increased 
sympathetic tone may perhaps be a contributory factor, since in one 
instance the premature beat appeared after the administration of epineph- 
rin It is ver} doubtful that the nerve stimulation w^as entirely responsi- 
ble for the irregularity, since the patients, according to their history, 
were apparently predisposed to disorder This conception is in accord 
wutli the results of experimental investigation It is to be recalled that 
the production of premature contractions in the experimental animal 
by stimulation of the cardiac ner^es alone has been unsuccessful, 
wdiereas the results ha\e been positive after the heart w^as predis- 
posed to the disorder by the administration of chloroform and barium 
chlorid 

In twm of the patients, paroxysmal auricular fibrillation w'as 

observed Neither of these patients had the cardiac pathology usually 
associated wuth an auricular fibrillation In each, heart w^’as 

apparently normal in size In each instance, the absolute irregularity 
w^as induced by epinephrin In one, the auricular fibrillation w^as at 
one tune provoked by forced breathing The latter feature w^as 

observed when the patient w^as extremely anxious about his condi- 
tion A few'- da)^s later, after the nervousness had subsided, the irregu- 
larity could not be produced by deep breathing alone but only after 
It was induced by epinephiin It is to be further recalled that 

the paroxysmal auricular fibrillation frequently occurred during periods 
of excitement While the disorder was influenced b} the strong inhi- 
bitory action of the vagi, it w^as also apparently dependent on the 
state of the sympathetic tone Thus, when the s}mpathetic tone was 
high, ^agal stimulation favored the entrance of the state of rapid 
reexcitation responsible for the auricular fibrillation 


16 Lewis, Thomas Footnotes 5 and 6 




Fig 6 — Top Dissociation between the auricles and \entricles In the first 
three cycles of Lead I, the ventricles are responding to sinus impulses Bottom 
A prolongation of the P-R interval 



Fig 7 — This curve was taken tw'enty minutes after the administration o 
atropin The condition resembles that shown in Fig 6 (top) In tne middle 
of Lead II there are three cycles of sinus rhythm 
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The present study was undertaken for the purpose of shedding some 
light on the etiology of diseases of the skin of obscure origin It was 
soon found that special interest was attached to the findings in eczema 
For this reason, a special study was made of this disease, which com- 
prises over one half of the analyses made 

Cases of eczema constitute almost one third of the cases of diseases 
of the skin This disease commonly causes keen distress by intolerable 
Itching Sleep is interfered with, the nervous system greatly disturbed 
and life often made almost unbearable The causative factors in the 
production of eczema have for a century been obscure All sorts of 
hypotheses have been advanced, advocated, discussed, and most of them 
have been discarded to make way for new suppositions The Vienna 
School under the leadership of Hebra held that the dominant causes of 
eczema were local, whereas the French school conjuied up hereditary 
or acquired diatheses to explain the origin of this disease It must be 
recognized that eczema is not a simple entity, but a type of reaction in 
the skin possessing certain clinical features These features are not 
sufficiently distinctive to enable one to distinguish the etiologic factors 
involved It is often impossible to differentiate between a chronic 
dermatitis due to local irritants and a true eczema of constitutional 
origin There is an almost general agreement today concerning some 
causes of eczema It is acknowledged that among etiologic factors 
may be classed intestinal toxemia, protein sensitization (both food and 
other proteins), endocrine disorders, disturbances of the nervous system, 
hyperglycemia, and other conditions The older writers, particularly 
among English dermatologists, laid considerable stress on the associa- 
tion of gout and eczema The uimary analyses and the laboratory data 
on which this origin of eczema was predicated were, how ever, regarded 
as so loose and unscientific as to lead to a progressive!} growing 
incredulity concerning this alleged relationship In four out of six 
American treatises on dermatology published within recent years, no 
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So far as we know, Stokes has reported the only other instance 
in which forced breathing induced auricular fibrillation An addi- 
tional feature in our patient was the precipitation of the disorder 
by epinephrin and excitement Kure has recorded a patient in 
whom paroxysmal tachycardia was induced by excitement He was 
able to produce the tachycardia by compelling the child to concentrate 
on a problem in mental arithmetic Lewis * states that he has observed 
similar but less striking examples of the latter feature In this connec- 
tion, it may be added that Galh has reported an instance in which 
paroxysmal tachycardida followed the administration of atropin The 
patient was, however, subject to the condition 

17 Stokes. K H Heart 1 297-305, 1909-1910 

18 Kure, K Deutsch Arch f khn Med 106 33-46, 1912 

19 Galh Heart 7 111 (April) 1920 
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but they were taken at random among laboratory workers and pre- 
sumably were normal 

In patients presenting themselves with various dermatoses, different 
findings are encountered Of 163 patients, eighty-eight, or 53 6 per 
cent had more than 3 mg of uric acid Fifty patients, or 30 5 per 


Table 1 — Noimal Values of Human Blood in Milhgi ains pci 100 cc 
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Table 2 — Blood Values fiovt Noimal Pci sons* 


No 
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Weight 
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* Se\eiiteeD cases bet^\eeii the ages IS to 35, average uric acid, 2 5 mg 


cent , had 4 mg or more Eighteen patients, or 1 1 per cent , had 

5 mg or more, and seven patients, or 4 6 per cent , had 6 mg or more 

Of 164 patients, ninety had eczema , and of these sixty, or 66 6 per 
cent , had over 3 mg of uric acid per 100 c c of blood Thirty-five 
patients, or 39 per cent, had 4 mg or more of uric acid, fifteen 
patients, or 16 6 per cent, had 5 mg or more, and six patients, or 

6 6 per cent , had 6 mg or more 
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mention of gout oi uric acid in relation to eczema is made, and scant 
attention is paid to renal insufficiency 

FINDINGS IN CHEMICXL STUDIES OE THE BLOOD 

As our blood analyses accumulated, it became evident that m the 
group of cases studied by us, the blood sugar was almost imariably 
within normal limits The average content of sugar in 166 cases was 
101 mg It varied between 65 mg and 160 mg per 100 cc of blood 
In two cases — a case of eczema and a case of psoriasis — it was 160 and 
146 mg , respective!}', but these figures although above the average 
were possibly not beyond normal limits In only one case was the 
sugar content of pathologic significance This was in a woman, 70 
years of age, who had had generalized itching for twenty years, and 
who presented an erythematous eczema of the legs, with vulvar and 
vaginal pruritus She had 273 mg of sugar per 100 c c of blood 
The urine was free from sugar, but there was a history that glucose 
had been found in the urine on former occasions On a diabetic 
regimen, the pruritus promptly improved almost to the point of 
disappearance 

URIC ACID 

In the course of our studies, it soon became evident that the most 
significant finding was a variation from the normal of the uric acid 
content It is, of course, a matter of the greatest importance to possess 
an accepted standard of the maximum normal amount of uric acid 
in the blood 

In 1913, Folin and Dems ^ wwote that the normal uric acid content 
in healthy adults was usually between 2 and 3 mg per 100 c c , but 
that strictly normal persons might have as low as 1 mg and as high 
as 3 5 mg , the differences probably depending in part on dietary factors 
Nine years later, Folin - writes “The maximum normal figure for 
uric acid may be perhaps given as 3 mg per 100 c c * Others investi- 
gators have given estimates of the normal limits which are presented 
in the subjoined table 

In order to check our results, we examined the blood of seventeen 
presumably normal persons It so happened that these were all young 
adults varying m age between 18 and 35 years The uric acid con- 
tent varied between 1 3 and 3 5 rag and averaged 2 5 mg 

Of this number, one had 3 5 mg , one 3 4, one 3 2 mg and two 3 1 

mg It is not known that all of these subjects were entirely normal, 

1 Folm, O J Biol Chem 14 29, 1913 

2 Folin, O Physiol Rev 2 460 (July) 1922, quoted from the article of 

Meyers, Fine and Lough (footnote 3) 

*In a private communication received by us in April 1923, from Dr Fohn, 
he writes “The upper normal values for uric acid are probably a little higher 
than we have thought” 



Table 3 — Age Incidence in Ecccnia * 
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* Tables 3, 4 and 5 and the chart do not include the entire 200 coses studied, they Merc 
completed prior to a number of the later analyses 


Table 4 — Dermatoses, Excluding Ecccnia, Age Decades 
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1 
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Table S— Effect of Age on Lhic Acid Content of Blood 


Noneezemitous 

Tezema 

Age 

Mg 

No of Cases 

■Vge 

Mg 

No of Cas^s 


32 

3 

11-20 

297 

- 

/ 


29 


21-30 

3 005 

8 

31-40 

3 3 

13 

31-40 

3 02 

15 

4i-?;o 

3 1 

16 

41-50 

386 

25 

bJ-W 

33 

12 

51-60 

3 86 

23 

61-70 

34 

4 

61-70 

71-80 

4 4% 

333 

13 

4 
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It IS thus seen that the incidence of hyperuricemia is higher in 
eczema than in other dermatoses If it should be held that 3 5 mg of 
uric acid is within normal limits, then computation discloses that 45, 
or 50 per cent , of the patients had a higher uric acid content than this 
amount 

EFFECT or AGE ON URIC ACID CONTENT IN BLOOD 

There can be no doubt that age has an important influence on the 
amount of uric acid in the blood 
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Effect of age on uric acid content of blood 


Ninety-five cases of eczema and eczematoid conditions were studied 
If these are classified according to age decades, it is seen that there 
is a gradually rising incidence in the uric acid figures (Tables 3, 4 
and 5) from 20 up to 70 years If we compare the noneczematous 
dermatoses with the cases of eczema, a striking contrast in the curve 
IS seen The average of the various age decades comes close to normal 
figures and does not exhibit any rising curve 

In the group designated eczema are unquestionably included a con- 
siderable number of cases which are eczematoid in nature, but doubt 
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doubt that some of the cases represent instances of interstitial nephritis 
In cases in which the nonprotein nitrogen and the urea nitrogen are 
high, the high uric acid figure is readily explained But there are 
many cases among those studied by us in which the nonprotein and urea 
nitrogen were clearly within normal limits 

Cieatmm — It is interesting to note that in not a single patient was 
the creatinm in excess of the normal figure Indeed, it varied within 
narrow limits, between 1 and 1 9 mg In a case of nephritis in which 
the analysis was made m another laboiator) but included m our series, 
It was 2 8 mg 

The low creatinm values are to be explained on the basis that our 
patients were not sick m the ordinary sense of the word, and retention 
of creatinm occurs only in fairly well advanced nephritis 


Table 6 — Aveiagc Amount of Uitc Acid in Blood in Diffcicnt Dci niatoics 



Number of Cases 

Ay’crnge Uric Acid 
' per 100 O c of 

Blood, Mg 

Psoriasis 

11 

32 

Pruritus (local and generil) 

11 

32 

Acne 

3 

30 

Urticaria 

4 

3 OS 

Uezema 

93 

38 


Case 1 — K B , aged 22, a flabby j'oung man who w as overweight, had 
suffered for three years with violent itching of the face and of the upper part 
of the torso, with secondary eczema induced m part by irresistible scratching 
His sleep was greatly disturbed 

This patient had 5 4 mg of uric acid per 100 cc of blood, with 30 mg of 
nonprotem nitrogen and 13 mg of urea nitrogen The urine was free from 
albumin and casts and had a specific gra^ ity of 1 030 The blood pressure 
was 130 

Under a dietary regimen eliminating foods containing purin, there was an 
immediate and remarkable improvement in the itching and the eruption 

Case 2 — W S, aged 17, who w'eighed 130 pounds (60 kg), suftered from a 
vesiculosquamous eczema of the hands at various interials for six jears Blood 
analysis revealed 4 6 mg uric acid, 35 mg nonprotem nitrogen and 18 mg urea 
nitrogen This was the most 3 muthful patient in our series with a high uric 
acid content in the blood The eruption disappeared m a short time 

Case 3 — A McL, aged 40, was supposedly suffering from a trinito-toluene 
dermatitis of the face and hands due to contact wnth this substance during the 
war The entire face w^as red sw'ollen and w'eeping The case proxed utterly 
refractory to all types of local medicaments applied over a period of manj 
months 

The blood shoxved the presence of 5 5 mg of uric acid, 32 mg of nonprotem 
nitrogen and 13 mg of urea The blood pressure yvas 135 mm The specific 
gravity of the urine yvas 1 010 , there yy’ere no albumin or casts 

The patient has been placed upon a proper dietary regimen and y irtually cured 

(^ase 4 I P H a man, aged 39 y^ears, yvith a recurring markedlj itching 

eczema of the legs, had had generalized outbreaks during the last three sum- 
mers The blood analysis gave the folloxving figures uric acid 4 3 mg , 
nonprotem nitrogen, 36 mg , urea nitrogen, 16 mg The father mother and 
grandfather had gout The youngest of fixe children had eczema On appro- 
priate diet and local treatment, great improxement occurred 
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exists as to whether they constitute cases of genuine eczema In many 
of these cases there aie normal blood uric acid values We have 
included them in order not to be guilty of any manipulation of the 
statistics 

For the most part, young patients with eczema have a noimal 
amount of uric acid but there are .seveial notable exceptions to this 
statement 

PiiDitus — In several of our cases of generalized pruritus in young 
persons theie have been high uric acid values in the blood, in one 
there were 5 4 mg and m anothei 4 7 mg These cases are of par- 
ticular inteiest 

Pso) lasts — Most of the patients with psoriasis had normal uric 
acid figures In a few persons past middle age, the figuies were high, 
but we believe that this was due to the coexistence of a renal condition 
and that it did not bear any causative relation to the cutaneous disease 
The a^erage uric acid in fourteen cases of psoiiasis was 3 2 mg per 
100 c c of blood The aveiage age of these patients was 46 jears 

INFLUENCE OF SEX ON URIC ACID IN BLOOD 
IN HIE CASES OF EC7XMA 

The average Ifiood uric acid for male patients with eczema in oiir 
senes was 4 16 mg pei 100 cc, and the a\erage for the females 
was 3 08 mg 

The average age of all the males whose blood was anal} zed by us 
was 49 8 years, and the average age of the females was 42 1 }ears 
The difference in age is not sufficient to explain a difference of 25 per 
cent in the uric acid content Some other factor or factors must be 
invoked The fact that men aie bigger eaters and larger consumeis 
of flesh foods and alcohol than women must, we believe, be taken 
into consideiation The a^elage weight of men would also be greater 
than the average weight of women 

T\PE OF PATIENTS STUDIED 

The persons studied were all private patients from the middle and 
higher walks of life They weie all ambulatory oi office patients and 
sought medical advice piimarily for some cutaneous disordei They 
langed in age from 14 to 85 years, but by far the largest numbei fell 
within the decades from 30 to 60 years The blood was taken within 
two to three hours after a light bieakfast 

The data aheady submitted indicate that there is a high incidence 
of hyperuricemia associated with the eczema This is the paiticular 
finding that we desire to present As to the interpretation of this 
hyperuricemia there may be difteiences of opinion Theie can be no 
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urine showed a trace of albumin and hj aline casts The blood findings uerc 
uric acid, 2 4, nonprotein nitrogen, 36, urea, 16, sugar, 110 

Here the blood would indicate perfectly normal kidneys, and jet the urine 
would hardly support such a contention 

Case 13 — W L B , a woman, aged 55, nine months ago de\ eloped an eczema 
which has now become a universal exfoliative dermatitis She had albumin 
and casts in the urine, and suffered retinal hemorrhages The blood pressure 
at one time was 200 The blood findings were uric acid, 5 4, nonprotcin nitrogen, 
35, urea, 16, and sugar, 144 

The nonprotein nitrogen and urea were normal, but the uric acid ■was \cry 
high This case emphasizes, as do many others, the fact that uric acid first 
accumulates m the blood as a result of damaged kidneys At the present time, 
the blood pressure is 155, and there is no albumin or casts in urine 

Instead of finding urinary evidence of kidney disease with low urea and non- 
protem nitrogen figures, the reverse situation maj be encountered 

Case 14— M W, a man, aged 42, had a disease diagnosed as recurrent 
vesicular eczema of the hands The blood revealed uric acid, 4 9, urea, 20, 
and nonprotein nitrogen, 46 Urine examination revealed specific gravity 1 018 , 
no albumin or casts 

It would seem probable that this patient had renal disease 

Other cases of a similar character might be quoted 

Apparently diet is an influencing factor in some cases in the causation of 
hyperuricemia One of the highest uric acid figures that we have observed was 
in a meat dealer, aged 42, suffering from eczema, who was in the habit of eating 
from three to four pounds (13 to 18 kg) of red meat a day His blood 
showed uric acid, 64, urea, 16, and nonprotein nitrogen, 40 

On the other hand, those who are small eaters and live largely on a nonflesh 
diet, quite commonly have low nitrogenous blood values A thic^ woman, aged 
85, very careful of her diet, had only 1 8 mg uric acid in her blood 

DISCUSSION 

A survey of the cases cited reveals the fact that a high percentage 
of persons sulfenng from certain dermatoses, particularly eczema, have 
a hyperuricemia 

The question of an etiologic relationship between the uric acid and 
the associated dermatoses is a pertinent one Gout and the uric acid 
diathesis were for many years invoked as the causes of many dis- 
orders, including a variety of diseases of the skin The incrimination 
of uric acid in the blood as a cause of eczema is commonly found m 
the older textbooks Let us quote an excerpt from the work of an 
eminent English dermatologist writing nearly fort} years ago Tilbury 
Fox, m 1884, m his treatise on “Diseases of the Skin,” says 

All disorders which are connected with the excreta in the system and their 
circulation throughout the blood current may furnish the exciting cause of 
eczema This is a clinical fact of great importance Given the tendency to 
eczema then the transmission of uric acid to the capillaries of the skin will so 
far derange as to aggravate, certainly, and now and again excite an eczematous 
eruption This is what is meant by gouty eczema By securing the absence of 
uric acid from the circulation the eczema will often disappear and always be 
more amenable to treatment The passage of uric acid through the cutaneous 
capillaries of an eczematous subject acts as much the part of an irritant as do 
some externals A gouty state of the blood may, therefore excite and modih 
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Case 5 — H C D , aged 41, had suffered for some years from an erythemato- 
papular eczema involving the forehead Despite various forms of treatment 
including the use of the roentgen ray, recurrences have developed Examination 
of the blood disclosed the following findings 

Uric acid, 4 8 mg , nonprotein nitrogen, 33 mg , urea nitrogen, 14 mg 

An appropriate diet has been outlined for the patient, and he is at present 
free from the eruption 

Case 6 — J E F, aged 35, sought medical advice for persistent areas of 
exfoliative glossitis of five months’ duration, presenting somewhat the appearance 
of the “geographic tongue ’’ His general health was excellent The Wasser- 
mann test was negative Examination of the blood revealed the presence of 
5 mg of uric acid, 36 mg of nonprotcin nitrogen and 16 mg of urea nitrogen 
This IS the only case of this character in which a blood analysis has been made 
by us The etiology of this curious condition has been entirely obscure 

Case 7 — Mrs KGS, aged 44, had \esicular eczema on the hands and fingers 
and an erythematous eczema on the face She had four or five attacks, the last 
of which occurred three years ago She had had one child The patient felt 
tired and “dragged” in the mornings Blood analysis revealed uric acid, 4 mg , 
nonprotein nitrogen, 34 mg , and urea, 13 mg Rapid improvement occurred on 
a milk diet 

Case 8 — L S, a man, aged 43, had a \esicular eczema which began on the 
arms one year ago and which spread o^er the entire bod> There w'as \iolent 
Itching 

Urinalysis revealed specific gravitj, 1018, a trace of albumin, no casts and 
numerous pus cells 

Blood examination revealed uric acid, 4 1 , urea, 16 , nonprotein nitrogen, 
31 , sugar, 82 Under a low protein diet and rest, tbe eruption disappeared 

Case 9 — J S, aged 33, a man, had had generalized pruritus of the body 
for sixteen years He w'eighed 168 pounds (762 kg) He was in good health but 
nervous Blood examination revealed uric acid, 4 7 mg , nonprotein nitrogen, 
36 mg , urea nitrogen, 16 mg , sugar 47 mg , cblorids, such as sodium chlorid, 
497 mg , urine examination specific gravity, 1029, no albumin or sugar The 
blood pressure was 120 

Case 10 — J R, a man, aged 20, had eczema in infancj and was subject to 
asthma in early childhood He now' had severe eczema of the face, w'ltli 
marked excoriations Various food allergens w'ere tried, but the results were 
negative The patient’s general health apparently was excellent Oiemical blood 
analysis revealed nonprotein nitrogen, 30 , urea, 14 mg , sugar, 100 , uric acid, 4 1 

INCONSISTENCIES IN BLOOD AND URINAICV FINDINGS 

The nonprotein nitrogen and urea may be within perfectly normal 
limits and yet nephritis may be present A few such cases may be cited 

Case 11 — M S, a woman, aged 25, had a disease which had been diagnosed 
as lupus erythematosus She had had nephritis m 1918 and had been confined 
to a hospital for some months Examination of the urine showed a specific 
gravity of 1 010, 16 per cent by volume of albumin, and 50,000 hyaline casts 
to the ounce of urine Severe and fatal nephritis occurs in certain cases of 
lupus erythematosus 

The blood findings were uric acid, 4, nonprotein nitrogen, 35, urea, 16, 
sugar, 102 

It IS here seen that although the patient has a nephritis, the only nitrogenous 
element m her blood that is abnormal is the uric acid 

Case 12 — E B , a man, aged 59, had recurrent erythematovesicular eczema 
on the face, arms and legs He selected his food and ate moderately The 
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urine, whereas others do not These cases represent, we hehe\e, 
beginning instances of chronic interstitial nephritis 

We have observed, however, other patients in whom the uiic acid 
was high, but in whom the nonprotein nitiogen and urea nitrogen i\ere 
within normal limits What is to be said of the h} peruncemia m these 
cases ^ The urinalysis in the cases in which examination was made 
was normal Biief histones of some of the cases are appended 

In a separate group must be included the cases classified m Table 8 
In most of these cases, not only w^as the uric acid high, but the non- 
protein nitrogen and urea weie likewise suspiciously above normal 
limits These patients in the mam represented the age decades fiom 
40 to 70, whereas the previous group contained subjects fiom 17 to 
45 years of age 


Tabip 7 — Fviding<; in a Gi oup of Yonnqei Patients 


Name 



Urea 

Non 

protein 

Nitro 

gen 

Blood 

Pros 

sure 

Diagnosis 

Ur'iu 

K B 

22 

54 

13 

30 

130 

Fczeina 

Specific gr i\ it> 








1 03J, no aihii 








min or ca«ts 

Miss B 

20 

4 t 

U 

3' 


Intestinal 








toxemia 


L S 

43 

4 1 

10 

31 


I'crcim 


Mrs K S G 

44 

40 

13 

34 


1 ezema 


I P H 

39 

4 3 

10 

30 


I czema 


A S 

43 

49 

14 

30 


Fezema 


H 0 DuB 

n 

4 8 

14 

33 


I tzema 


J E 

20 

4 1 

14 

30 


I czpina 


Wm S 

17 

4 0 

18 

33 


I czema 


J F P 

33 

50 

10 

30 


GlO'SitiS 


D II 

34 

4 8 

14 

30 

ICO 

1 czema 


A McL 

40 

5 5 

13 

32 

133 

1 c/cm a 


J S 

40 

4 3 

18 

30 


Dermatitis 

Specific grulti 







lierpoti 

1 010, no albi. 







loimis 

min or easts 

S H H 

43 

50 

18 

38 


I czema 



Despite the fact that some of the patients m Table 8 had negative 
urinary findings, they must he legarded as patients with potential 
renal dysfunction by reason of the nitiogenous blood values 

With lespect to the younger group (Table 7) wnth high uric acid 
and low urea and nonpiotein nitrogen, scientific conservatism would 
suggest caution as to any dogmatic interpretation of the hypei ui icemia 
One might assume that these patients had a gouty or uric acid diathesis , 
on the othei hand, they might be suspected of having some degree 
of renal incapacity In beginning disease of the kidney, uric acid is 
the first nitrogenous constituent to be held back, and, therefoie to 
accumulate in the blood Latei accentuation of renal structural damage 
would then lead to a decreased elimination of urea and nonpiotein 
nitiogen May both series of cases not represent merely fine gradations 
of nephntic change^ Oui knowledge of the nature of gout is still 
involved in obscuiity All obser\ers admit that the kidneys pla} an 
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an eczema Some cases as I now refer to sometimes exist off and on for years 
and are saturated with arsenic and mercurials but which are only relieved bj 
recognizing the complicating item of the free production and circulation of uric 
acid, and instituting a regime calculated to arrest the continuance of these 
conditions 

Lyman, writing on gout in the "Twentietli Century Practice of 
Medicine,” expresses the following “From the remotest antiquity a 
connection between gout and certain cutaneous diseases has been 
remarked by all clinical observers who hate seen much of disorders 
that are experienced by the wealthier classes of societt ” Furthermore, 
“Eczema is frequently witnessed among the children of gouty families ” 

Oslei writes “Garrod and others have called special attention to 
the frequent association of eczema wnth the gouty habit ” 

To be sure, tvhat tve call eczema is a conglomerate concept that 
includes many conditions of diverse genesis, which cannot be definitely 
differentiated on the basis of the cutaneous phenomena alone It would 
constitute valuable information, if w'e could scientifically demonstrate 
some of the dominant causes of eczema The present study suggests 
that hyperuricemia may be an etiologic factor in the production of 
many eczematous conditions and allied disorders 

We are persuaded to believe that the excess of uric acid in the 
blood in many of the cases bears a causative relation to the accompan>- 
mg eczema or allied pruritic disorder, b) reason of the frequenc} of the 
association of the tw'O conditions among the patients studied by us We 
are fortified in this belief by the fact that in our experience these cases 
have responded more favorably and more rapidly to treatment than in 
previous years wdien the etiologic factor suggested w'as not suspected 
and the patients -were not placed on an appropriate dietary regimen 

What IS the significance of the excess of uric acid m the blood 
found by us m so large a sei les of cases ? 

Leaving out of consideration leukemia and the terminal stage of 
pneumonia, there are two conditions in which a high blood uric acid 
occurs — gout and nephritis Without the presence of arthritic mani- 
festations (which weie absent in neaily all of our cases) or tophi, it 
would be hazardous to assert the belief that W'e w'^ere dealing wuth cases 
of hemic gout It is quite possible that a considerable proportion of the 
subjects w'ere suffering from renal change Some unquestionably w’^ere, 
but It would be startling to believe that one half of our patients wnth 
eczema — persons who ■^vere not “sick” in the ordinary acceptation of 
the term, and who m the mam had no complaint except their cutaneous 
distress — were nephritic There aie, it must be said, a considerable 
number of cases in which not only the uric acid is pathologically high, 
but in which the urea and nonprotein nitrogen also are beyond normal 
limits Some of these patients exhibit albumin and Ityaline casts m the 
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few exceptions, not aware that they were not well except for their 
cutaneous affections 

The uric acid values reported by the foregoing obserxers were 
higher than ours, but this may possibl) be explained at least in part b\ 
a difference of technical methods employed They state that the blood 
picture m early interstitial nephritis and in gout are strikingly similar, 
particularly as regards the increase in uric acid They suggest that a 
retention of uric acid may be earlier evidence of renal impairment of 
an interstitial type than the classical tests of albuminuria and cjlinduria 

As early interstitial nephritis and gout present blood findings which 
are almost similar, the question arises, What aie the distinguishing 
features between the two ^ 

Sir A B Garrod,^ in a postscript to his paper, remarked that it 
was not his opinion that gout w^as entirely dependent on the pow'er of 
the kidney for the excretion of uric acid , he did not think that any 
hypothesis could be advanced with safety Von Noorden ^ quotes 
Garrod to the effect that the primary cause of the uric acid retention 
in gout lies in the kidney He further says 

Levison and LuflF showed in a ver}' large senes of postmortems in Denmark 
and England that in cases of interstitial nephritis, uric acid deposits in the 
articular cartilages are frequently found, although the condition was not sus- 
pected during life Stripped of all unnecessary detail, this means that the reten- 
tion of uric acid in the blood and the remaining phenomena of gout are the 
results of primary disease of the kidney In certain cases, both nephritis and 
gout are amenable to clinical diagnosis In other cases, nephritis, and m still 
other cases the uric acid diathesis remain for a long time, perhaps e\en up to 
the end of life, clinically free from symptoms and unrecognized 

He adds 

0 

It appears that continuous overloading of the blood with uric acid (nephritis) 
does not necessarily lead to gout, and, moreover, that this overloading is not 
followed by uric acid deposition without the accession of another still unknown, 
specific gouty factor 

Folm,- commenting on increased uric acid in the blood in gout and 
m nephritis, says 

The characteristic and extraordinary feature of pure gout is that in most 
cases only the uric acid is increased Whether this peculiar fact is to be inter- 
preted in terms of a highly selective activity and correspondingly selectne 
deterioration of the kidneys, or whether it means that uric acid is more difficult 
to excrete than any other waste product, a possibility suggested by the high 
normal levels and the excessive variations in the uric acid content of normal 
bloods, is bv no means clear nor is it certain that either one of these tvo 
hypotheses can furnish an adequate explanation In nephritis leading to true 
uremia there is a gradual accumulation of all the nitrogenous waste products, 


4 Garrod Sir A B Observations on Certain Pathological Conditions 
of the Blood and Urine in Gout, Rheumatism and Bright’s Disease, Med Chir 
Trans 31 83, 1848 

5 Von Noorden Metabolism and Practical Medicine, 3 669, 1907 
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important role Haig states that it is not excessive production of uric 
acid but faulty elimination which causes an accumulation 

Garrod expresses the same thought when he states that gout depends 
on a temporary or continuous decrease in the ability of the kidneys to 
excrete uric acid, by which an overcharging of the blood with this 
product takes place 

Is there in gout a specific incapacity of the kidneys to eliminate 
uric acid, independent of permanent structural damage^ 

An interesting commentar} on this problem is the observation that 
in all cases of gout that come to necropsy, the kidneys are found 
diseased On the other hand, the vast majority of cases of chronic 


T^vble 8 — Findings in Patient'; Behveen the Ages of 42 and 75 
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interstitial nephritis are unaccompanied by symptoms clinically recog- 
nizable as gout 

Bearing on the interpretation of our cases is the series of cases 
reported by Myers, Fine and Lough ^ 

These writers reported about thirty cases in which there were high 
uric acid values without a corresponding retention of urea and creatinin , 
nonprotem nitrogen was not determined Their patients appear, how- 
ever, to ha\e been hospital cases suffering from other s^'^stemic or 
visceral disorders, whereas ours were patients “on their feet,” and, with 

3 Myers, V C, Fine, M S, and Lough, W G The Significance of 
the Unc Acid, Urea and Creatinin of the Blood in Nephritis, Int Med 17 5/0 
(April) 1916 
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the urease digestion) and ammonium sulphate (resulting from the acid 
digestion) were added 3 cc of 10 per cent and 3 cc of 40 per cent 
alkali, respectively, and the liberated ammonia aerated into 5 c c por- 
tions of 0 01 normal sulphuric acid The nitrogen was then determined 
by titrating the excess of acid with 001 normal alkali, the indicator 
being methyl red containing some methylene blue as a background color 
With this indicator, the titration is accurate within 1 5 mg of normal 
per 100 c c of blood, since a distinct color change is produced with one 
drop of alkali or acid Fresh standard acid and alkali solutions were 
prepared each month The exact strength of the acid was calculated 
from the weight of the barium sulphate obtained from 100 c c por- 
tions of the acid which were drawn from the same buret used in the 
subsequent titrations The alkali, stored in a paraffin lined bottle and 
protected against the action of carbon dioxid by soda lime, ^\’as titrated 
against the acid before each analysis, and its proper factor obtained 
Blank determinations were made with each new lot of reagents 

The precautions necessary in obtaining a filtrate suitable for the 
uric acid determination have already been pointed out In our analyses, 
Benedict’s phosphate standard, freshly prepared every six weeks, was 
employed m preference to the sulphite standard of Fohn and Wu, 
because the more intense blue colors, obtained m the absence of sulphite, 
permit more accurate colorimetric comparisons Otherwise the direc- 
tions outlined by Fohn and Wu were strictly adhered to During the 
course of our work, several papers were published ® in which the 
authors expressed their doubt both as to the accuracy of the uric acid 
determination and the nonadsorption of uric acid during the precipi- 
tation of the proteins We, therefore, carefully investigated the entire 
subject and obtained results ^ which show that no adsorption of uric 
acid takes place if the tungstic acid protein precipitation is carried out 
as stated above, and that the Fohn and Wu procedure for the determi- 
nation of uric acid yields accurate results 

As a further check on our technic, analyses of normal blood speci- 
mens were made throughout the course of the work 

All figures are the averages of at least two closely agreeing results 

Reagents — Kahlbaum’s urea and uric acid were used, all other 
chemicals were chemically pure 

Apparatus — All comparisons were made in a 5 cm Duboscq colori- 
meter, by diffused daylight, by the same operator The latter also 
determined all zero corrections (maximum error <±08 mm ) The 
two 50 c c burets used in the titrations were matched , all pipets were 
calibrated to deliver 

8 Pucher, S W (footnote 7) , Benedict, S R - J Biol Chem 51 187, 1922 

9 Brown, H , and Raiziss, GW J Lab & Clin Med 8 129, 1922 
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except ammonia, and in such bloods there is no constant relationship between 
the increase m the uric acid and in that of the total nonprotein nitrogen But, 
on the whole, one can say that the unc acid seldom, if ever, shows a greater 
percentage increase than does the total nitrogen , that the uric acid accumula- 
tion, on the contrary, is usually less pronounced In other words, in cases of 
generally diminished kidney efficiency one finds no support for the idea that the 
uric acid retention represents any special difficulty in the process of excretion 
The statement made is true at least for advanced cases of nitrogen retention 
Whether it is also or equally true for the early stages representing moderate 
nitrogen retention is not certain Myers, Krauss and others have drawn the 
conclusion that the retention and accumulation of the uric acid precedes and 
exceeds that of the nonprotein nitrogen in the early stages of kidnev insufficiency 

Under the circumstances, v\e would leave the interpretation of the 
hyperuricemia found m the series of cutaneous diseases studied by us 
for others to elucidate We content ourselves with the actual findings 
which we have presented A more intensive investigation, which would 
include the study of the purin metabolism, careful and repeated urinary 
examinations, blood pressure determinations and renal function tests, 
would doubtless shed added illumination on the subject 

CHEMICAL METHODS EMPLO\ED 

All blood specimens, both normal and pathologic, were drawm from 
two to three hours after a light breakfast, and the entire analysis com- 
pleted on the same day We found sodium oxalate more advantageous 
than potassium oxalate as the anticoagulant, owing to its low solubility 
which precludes the possibility of a large excess of the salt interfering 
with the subsequent protein precipitation 

The methods of analysis were, generally, those elaborated in 1919 
by Folin and Wu ” 

To 15 cc of whole blood diluted with water to 120 cc in a gradu- 
ated rmxing cylinder, 15 cc of 10 per cent sodium tungstate were 
added, and the liquid thoroughly mixed Fifteen c c of two thirds of 
normal sulphuric acid were then introduced, the cylinder being con- 
stantly shaken to prevent any clumping of proteins due to excessive 
local acidity After all the acid had been added, the mixture was shaken 
for a few minutes longer With this procedure, filtration could be 
started at once, the filtrates being, invariably, water-clear and neutral to 
Congo red The importance of having a neutral filtrate from which to 
precipitate the silver urate as well as the necessity of adding the acid 
slowly and with constant agitation to prevent absorption of uric acid, 
has been emphasized by various investigators ’’ 

Neither the urea nor the nonprotein nitrogen was determined by 
nesslerization To the solutions of ammonium carbonate (obtained by 

6 Folm, O, and Wu, H J Bio! Chem 38 98, 1919 

7 Folm and Wu (footnote 6) , Pucher, S W J Biol Chem 52 317, 192 
Folin, O ibid, 54 153, 1922 
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Table 9 — Cases Analyzed — (Contxnucd) 



! 

Name 

Age 

Se\ 

Dne^osis 

1 

Uric 

Acid 

1 1 

Non- 
protein 
Nitro 
gen 1 

1 

1 

Urea 

‘5ugar 

Crea 

tin 

74 

L K 

30 

M 

Eczema 

27 

1 

30 

18 ' 

100 

1 3 

75 

±1 w 

69 

M 

Eczema 

4 4 

39 

20 

96 

1 5 

76 

K B 

22 

M 

Eczema 

54 

30 

13 ' 

108 

1 2 

77 

T B 

39 

M 

Eczema 

3 t 

40 

19 

88 

1 2 


Mrs L 

42 

P 

Eczema 

o o 

30 

13 ! 

9S 

1 1 

79 

A McL 

40 

JI 

Fezema 

T 5 

32 

13 

101 

1 3 

so 

M E & 

40 

M 1 

Eczema (mild) 

33 

41 

21 1 

102 

1 5 

81 

r L B 

44 

F 1 

Eczema 

3 9 

30 

14 , 

110 

1 3 

S2 

H T I) 

51 

M ' 

Eczema 

33 

38 

16 ( 

106 

1 4 

S3 

T D 

19 

F 

Eczema 

20 

32 

13 1 

106 

1 1 

S4 

H T 

40 

M ' 

Eczema 

3 3 

40 

19 

118 

1 4 

85 

E M A 

26 

F i 

Eczema 

20 

38 

12 i 

110 

12 

86 

Mrs R 

43 

F 1 

Fezema 

3 6 

34 

15 1 

110 

1 3 

87 

H S 

47 

F i 

Eczema (or dermatitis) 

23 

38 

19 i 

101 

1 4 

88 

M Gr 

23 

F 

Eczema 

1 8 


12 1 



89 

S H H 

45 

M , 

Hczema 

5 0 

SS 

IS 

m 

1 5 

90 

J J M 

42 

F 1 

Eczema 

2 4 

32 

14 ! 

102 


91 

L B 

1 

P , 

Eczema (infantile) 

20 





92 

fc) H 

32 

F 

Eczema 

27 

32 

15 i 

96 

1 1 

93 

C B 

45 

F ( 

Eczema 

33 

41 

1 oo 

104 

! 1 5 

94 

E J L 

67 

M ' 

Eczema (Jan, 1921) 

20 

53 

23 ' 

47 

28 





(Jan , 1922) 

60 

38 

18 I 

02 

1 7 





(Jan , 1923) 

4 1 

30 

[ 14 

98 

1 

95 

B C 

47 

F 1 Fezema 

33 

36 

' IS 

110 

' I 1 

96 

J S 

42 

F 1 

Eczema 

30 


IS 1 



97 

M S 

30 

F , 

Eczema 

3 3 

41 

22 1 

110 

15 

98 

H J H 

22 

M 1 

Eczema 

30 

36 

18 

lOO 


99 

A B 

38 

M 

Eczema and pruritus 

4 0 

35 

17 

102 


100 

S H 

18 

F 

Eczema 

29 

35 

17 

97 


101 

JFK 

63 

M 

Eczema 

4 6 

38 

19 

104 


102 

E S 

14 

F 

Eczema 

' 37 

SO 

ID 



103 

M H S 

32 

M 

Eczema 

4 0 

40 

21 



104 

C W 

22 

M 

Eczema 

[ 38 

88 

19 

108 


lOS 

H S 

52 

F 

Eczema 

31 

38 

19 

96 


103 

S L S 

67 

iM 

Eczema 

*45 

37 

IS 

90 


107 

H M 

31 

M 

Eczema 

54 

44 

23 

i ICO 


lOS 

E J S 

59 

F 

Eczema 

40 

32 1 

15 

‘ 115 I 


109 

M S 

53 

M 

Eczema 

37 

34 ‘ 

10 

ICO ' 


110 

D H F 

36 

M 

Eczema 

45 

35 1 

16 

110 1 


111 

Wm B 


M 

Eczema i 

36 

35 

17 

. 102 


112 

Miss M 

21 

F 

Eczema i 

2,0 


14 



113 

J B 

20 

M 

Eczema 

4 1 

SO 

14 

! 100 


114 

F B G 

21 

M 

Eczema 

29 

31 ‘ 

13 

92 ' 


115 

J G H 

40 

M 

Eczema 

4 1 

34 

10 

96 


116 

B P 

38 

M 

Eczema 

35 

32 

1C 

67 


117 

A A 

65 

M 

Eczema (acute erythema) 

23 

3-i 

10 { 

97 


118 

D G 

52 

ai 

Eczematoid dermatitis 

26 

S5 

12 

102 

1 4 

119 

Mrs B 

61 

P 

Eczematoid dermatitis 

23 

05 

11 

112 

1 1 

120 

E 0 

42 

F 

Eczematoid dermatitis 

24 

39 

13 

104 

1 4 

121 

H J 1 

45 

F 

Eczematoid dermatitis 

2 9 

28 

13 j 

100 

11 

122 

Mrs P 

48 

P 

Dermatitis ‘ 

30 

31 

14 ' 

122 

1 3 

123 

G W T 

30 

M 

Dermatitis herpetiformis 

1 7 

39 

20 

so 

1 5 

124 

J S 

40 

M 

Dermatitis herpetiformis 

43 

36 

18 j 

93 

15 

125 

P M 

70 

F 

Dermatitis seborrhoica , 

30 

40 

19 ! 

105 

1 5 

126 

MLB 

54 

F 

Neurodermatitis 

31 

37 

17 

9S 

1 4 

127 

P T 

31 

1 F 

Neurodermatitis 

2 2 

30 

14 

116 

1 1 

128 

W L B 

55 

F 

E\foIiative dermatitis 

54 

35 

10 

144 

1 4 

129 

N D 

CO 

M 

Psoriasis 

27 

27 

13 

113 

1 3 

130 

A 0 

35 

M 

Psoriasis 

32 

25 

11 

1S2 

1 6 

131 

L J 

18 

M 

Psoriasis 

25 

20 

9 

C5 

09 

132 

M G 

44 

F 

Psoriasis 

23 

27 

9 

SS 

10 






33 

27 

14 

118 

11 

133 

J A H 

29 

M 

Psoriasis 

28 

29 

11 

U1 

15 

134 

Mrs H 

60 

F 

Paonasis 

4 5 

33 

16 

90 

1 4 






3 4 

42 

IS 

93 

16 

135 

ESI 

55 

F 

Psoriasis 

25 

38 

18 

93 

1 4 

136 

Mr H 

63 

M 

Psoriasis 

5 2 

40 

23 

88 

1 6 

137 

Mrs W 

45 

P 

Psonasis 

32 

39 

14 

1 100 

1 5 

138 

M D 

57 

F 

Psoriasis 

36 

j « 

18 

1 100 

12 

139 

CMC 

51 

M 

Psoriasis 

31 


IS 

! 160 

12 

140 

P B 


P 

Psoriasis 


32 

11 

1 102 


141 

E S 


M 

Psoriasis 

4 2 

' 39 

19 

1 107 


142 

O 0 

38 

F 

Psoriasis 

3 1 

1 30 

1 13 

j 114 


143 

0 M 0 

51 

M 

Psoriasis 

36 

28 

1 12 

' 147 


144 

J K T 

60 

M 

ParapsoriaSiS 

4 7 

31 

' IT) 

I 11/ 

1 1 

145 

W M 

85 

P 

Pruritus 

1 8 

25 

1 

110 

I 4 


Table 9 — Cases Analyccd 



Name 



Diagnosis 

Uric 

Acid 

hon 

protein 

Mtro 

gen 

Urea 

Sugar 

Cren 

tm 

1 

Mrs B 

48 

V 

rc7enin 

43 

30 

11 

106 

12 

2 

Mrs D 

66 

p 

Lezema 

58 

30 

17 

119 

1 1 

3 

A B 

38 

M 

Eczema 

6 2 
32 

41 

43 

21 

17 

113 

99 

18 

13 

4 

Miss R 

18 

P 

3 czemn 

2 7 
37 

30 

34 

18 

19 

63 

107 

1 2 
11 

5 

R W 

57 

M 

Pezema 

63 

47 

21 

SO 

17 

6 

L S 1 

43 

M 

I czemn 

4 1 

31 

16 

82 

1 7 

7 

Mr H ' 

47 

M 

Eczema 

10 

40 

20 

132 

14 

8 

1 

Mr R ) 

62 

M 

3 months later 
rezeinn 

40 

4 5 

SC 

37 

17 

18 

110 

ICS 

1 4 

9 

I w 

5"i 

F 

Pezema 

28 

28 

11 

108 

1 3 

10 

Mr McH ' 

68 

M 

J czemn 

4 8 

46 

11 

99 

15 

11 

Mrs M 

12 

P 

Pezema 

29 

41 

20 

88 

10 

12 

J S S 

56 

M 

Pezema 

3 4 

42 

15 

83 

18 

13 

J S G ' 

44 

P 

Pezema 

40 

34 

13 

81 

1 5 

14 

Mrs B 

55 

P 

Pezema 

51 

44 

20 

95 

1 C 

15 

Mr F 

19 

M 

Pezema and gout 

3 1 

38 

15 

133 

14 

16 

Mr E 

10 

M 

Pezema 

4 9 

41 

25 


15 

17 

GAB 

31 

P 

Pezema 

3 4 

38 

15 

78 

13 

18 

I P 

40 

M 

Pezema 

4 0 

30 

21 

82 

1 6 

19 

Mr T 

30 

M 

Pezema 

20 

42 

17 

79 

1 5 

20 

Mrs K 

30 

P 

Pezema 

2 1 

35 

15 

108 

1 5 

21 

Mr H 

60 

31 

Pezema 

6 3 

43 

21 

114 

1 5 

22 

Mr B 

17 

31 

Pezema 

10 

39 

19 

103 

1 5 

23 

Mr P 

70 

31 

Pezema 

3 1 

40 

21 

104 

1 4 

24 

D L 

16 

31 

Pezema 

12 

12 

20 

80 

1 7 

25 

Mr IV 

421,9 

31 

Pezema 

4 9 

40 

20 

94 

1 5 

26 

Miss J 

20 

P 

Eczema 

29 

40 

20 

96 

1 9 

27 

Mrs D 


P 

Pezema 

t> 0 

40 

18 

80 

1 c 

28 

Mrs K 

30 

P 

Pezema (acute) 

40 

40 

21 

85 

1 4 

29 

Mrs L 

41 

F 

Pezema 

2_2 

29 

12 

115 

1 1 

so 

F S C 

47 

31 

Eczema 

4 5 

42 

19 

93 

1 5 

31 

C S 

05 

31 

Pezema 

6 2 

S3 

15 

140 

1 4 

32 

T B G 

70 

31 

Pezema 

10 

35 

12 

104 

1 9/ 

33 

D P 

16 

F 

Eczema 

21 

37 

00 

1 6 

34 

HSR 

01 

51 

Pezema 

39 

37 

18 

)0> 

1 5 

35 

Mr 0 

60 

M 

Pezema 

4 2 

40 

15 

93 

1 4 

36 

ai B P 

53 

P 

Pezema 

36 

38 

19 

no 

1 4 

37 

P H 

39 

31 

Eczema 

4 3 

36 

16 

0(5 

1 4 

38 

39 

MEL 

T R 

01 

34 

F 

F 

Eczema 

Eczema 

2 6 
29 

SO 

15 

110 

10-2 

12 

40 

T H D 

69 

31 

Pezema 

39 

40 

19 

106 

I 4 

II 

41 

B H 

11 

P 

Pezema 

2 4 

32 

14 

DS 

42 

0 K 

52 

M 

Eczema 

3 4 

30 

15 

118 

1 4 

43 

J G S 


31 

Pezema 

2 5 

39 

19 

121 

1 5 

44 

S B 

45 

31 

Pezema 

3 1 

SO 

14 

96 


45 

Mrs B 

70 

P 

Pezema 

32 

38 

20 

273 

1 i 

46 

J M 

34 

31 

Eczema 

39 

38 

17 

100 

I 3 

II 
11 
14 
13 

47 

P R 

75 

31 

Eczema 

4 3 

28 

13 

KM 

48 

E C 

97 

F 

Pezema 

24 

35 

14 

90 

49 

Mrs S 

45 

P 

Pezema 

23 

35 

10 

112 

50 

W B 

67 

M 

Eczema 

40 

35 

15 

110 

51 

I H 

33 

31 

Pezema 

3 6 

32 

J? 

95 

1 1 

52 

A S 

43 

31 

Eczema 

4 9 

SO 

14 

100 

1 4 

53 

E B 

19 

31 

Pezema 

2 4 

36 

16 

IIU 


54 

J S 

43 

31 

Pezema 

34 

32 

13 

106 


55 

POT 

48 

P 

Eczema 

24 

32 

13 

lOO 


56 

L S K 

49 

M 

Pezema 

3 1 

33 

12 

l2o 


57 

ELS 

14% 

M 

Eczema 

38 

35 

14 

110 


58 

R E 

18 

M 

Eczema 

31 

29 

11 



59 

J H 

CO 

31 

Eczema 

38 

37 

18 



60 

H 0 DuB 

41 

31 

Eczema 

48 

33 

14 

90 

1 1 

61 

J B 

42 

M 

Pezema . 

30 

34 

15 

98 


62 

DAP 

47 

M 

Eczema 

41 

43 

20 

90 

18 

63 

C B 

60 

31 

Eczema 

53 

46 

28 

92 

64 

B B 

79 

P 

Eczema 

22 

39 

20 

103 


65 

Wm K 

42 

M 

Pezema 

64 

40 

16 

86 

1 & 

66 

Wm S 

17 

31 

Eczema 

4 6 

35 

18 

95 


67 

E O 

60 

F 

Pezema 

58 

34 

15 

128 

1 4 

68 

P G 

58 

F 

Eczema 

4 7 

SO 

14 

96 

1 

69 

J M S 

62 

P 

Eczema 

56 

32 

15 

130 


70 

AIR 

27 

M 

Eczema 

28 

30 

IS 

108 

1 4 

71 

Dr L 

52 

M 

Eczema (mild) 

27 

54 

15 

102 

1 5 

72 

P S 

35 

F 

Pezema 

18 

39 

14 

103 


73 

D H 

54 

31 

Eczema 

4 8 

30 

14 

112 

1 3 
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number of cases including 128 patients, is 3 5 kg which is pcifectl) 
normal The average of the second group, comprising 115 ca‘^es. is 
4 5, which is abnormal It would appear, therefore, that there is a 
definite increase of uric acid with rise m weight, but that bejond 
80 kilograms no fuither rise takes place This study of 243 patients 
indicates in general that higher uric acid values are to be expected in 
heavy persons 


Table 10 — Influence of the Weight of the Individual on Uiic Acid in Blood 


No of Cases 
8 
48 
72 
66 
41 
8 


Weight of Patient 
in Kilograms 
40-49 
50-59 
60-69 
70-79 
80-89 
90-99 


Average Uric Acid 
Mg per 100 c c 
of Blood 
2 78 

2 83 

3 22 

4 36 

3 75 

4 01 


SUMMARY AND CONCLUSIONS 

1 In a chemical study of the blood of over 200 patients suffering 
from cutaneous diseases, great variations in the uiic acid content were 
found 

2 Over one half of the patients had eczema, and in these an increase 
in uric acid beyond the maximal noimal limit (3 5 mg ) was obseived 
m 50 per cent of the cases 

3 In some cases of pruritus, both general and local, there were 
likewise high uric acid figures 

4 Classifying the eczema patients in age decades, it is seen that 
there is a rising uric acid curve from the fortieth to the seventieth 
year This is not evident in the noneczematous subjects 

5 The average uric acid content of the blood in the male subjects 
was about 25 per cent higher than among the female patients The 
average age of the males was about seven years more than the females 

6 The blood of young patients with eczema did not as a rule con- 
tain large amounts of uric acid, but there were some notable exceptions 

7 The cause of the hyperuricemia is a matter for further study, 
we incline to the view that is to be explained on the basis of renal 
dysfunction 

8 Patients with psoriasis, acne, urticaria and certain other cutaneous 
diseases have a lower average uric acid blood content than those suffer- 
ing from eczema 

9 We believe the hyperuricemia to be etiologically related to eczema 
and to pruiitus in a considerable percentage of the cases studied 

10 Appropriate dietaiy measures have made many of our patients 
much more rapidly amenable to treatment than patients previously 
treated without this therapeutic measure 
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Table 9 — Cases Analysed — (Continued) 



Name 

Ago 

Sex 

Dingnosls 

Ur/c 

Acid 

Non 

protein 

Nitro- 

gen 

Urea 

Sugar 

Orea 

tin 

146 

W H W 

68 

M 

Pruritus 

21 

32 

15 

113 

12 

147 

Mr McO 

60 

M 

Pruritus 

33 

37 

10 

115 

14 

148 

L T 

37 

F 

Pruritus cnpitis 

2 3 

20 

11 

91 

14 

149 

P A 

35 

M 

Pruritus cnpitis 

29 

29 

14 

106 

14 

150 

Mrs R 

49 

F 

Pruritus nnl 

31 

42 

20 

94 

14 

151 

H G 

38 

M 

Pruntus nnl 

0 6 

42 

21 

90 

15 

152 

Mr L 

39 

M 

Pruritus nnl 


29 

12 

102 

11 

153 

J F S 

52 

M 

Pruritus nni ct hiemnlis 

Kn 

31 

10 

00 

IS 






38 

39 

16 

94 

IS 

154 

G H B 

51 

F 

Pruritus liicmnlis 

KB 

38 

19 

98 

IS 

155 

D L 

78 

M 

Pruritus liicmnlis 


38 

18 

99 

14 

156 

F M 

30 

F 

Pruritus nnl ct luhnc 


so 

IS 

95 

18 

157 

E G 

46 

F 

Pruritus lulvnc 

^«B 

29 

13 

94 


15S 

M P W 

42 

F 

Pruritus genernlisnta 

40 

37 

15 

82 

11 

159 

F S L 

52 

M 

Pruritus gcncrnllsnln 

4 0 

40 

19 

108 


ICO 

J S 

33 

M 

Pruritus Ecncrnllsnt a 


80 

16 

101 


161 

Miss K 

24 

F 

Acne 


34 

11 

71 

14 

162 

I B 

20 

F 

Acne 



12 

103 


163 

F H 

23 

F 

1 Acne 



13 

92 


164 

W S B 

' 43 

M 

' Acne rosacea 

4 6 

40 

18 

118 

16 

165 

E S 

so 

F 1 

Rosnccn 

24 

36 

10 

121 

10 

166 

LBS 

57 

M ' 

Rosnccn pustulosn 

27 

46 

12 

123 

13 

167 

B K 

38 

M 

Urticaria 

28 

40 

22 

70 

14 

108 

I L 

57 

M 

Urticnrin 

39 

S3 

19 

91 

15 

109 

Mrs H 

48 

F 

Drticnrln 

20 

44 

19 

97 

14 

170 

Mr W 

24 

M 

Urltcnrln (ncutc) , 

30 

29 

11 

110 

11 

171 

A B 

35 

SI 

Dcfluv caplllorum 


38 

19 

102 

14 

172 

H M 

35 

F 

Dcfluv caplllorum 


28 

10 

110 

14 

173 

Mr K 

43 

M 

Alopecln premature 

28 

34 

9 

123 

12 

174 

Mr B 

61 

M 

Syphilis 

28 

36 

10 

116 

1 5 






38 

38 

10 

94 

14 

175 

Mrs L 

46 

F 

Sjplillls 

40 

35 

17 

106 

11 

176 

M K 

48 

M 

Syphilis Intens 

4 4 

35 

18 

93 

12 

177 

M S 

25 

F 

Lupus erythematosus 

40 

35 

10 

102 

1 5 

178 

A G 

21 

F 

Lupus enthematosus 

38 

38 

19 

93 : 


180 

A P 

23 

M 

Xanthoma 

1 9 

27 

12 

129 

14 






K iS 

31 

11 

134 

IS 

181 

Mrs L 

44 

F 

Chlonsma 

Be (9 

32 

9 

108 

1 2 

182 

Miss B 

20 

F 

Gnstro Intestinal toxemia 

B fH 

31 

IS 

70 

14 

183 

r M S 

46 

M 

Keratosis of lace 

B{ iB 

48 

23 

119 

16 

184 

Mrs 0 

^7 

F 

Prurigo nodularis 


35 

17 

lOS 

12 

185 

Mrs C • 

31 

F 1 

Gangrene ol shin (acute) 

26 

35 

17 

109 

1 4 

186 

J E F 

35 

M 

Glossitis exiohat areata 

50 

so 

10 

110 

1 4 

187 

Mr F 

72 

SI 

Acute cry themntous eruption 

33 

30 

15 

100 

11 

188 

Mr S 

46 

SI 

Ringworm (cczcmntold) 

28 

33 

15 

103 

1 1 

189 

J H E 

35 

M 

Ncurodermntitis 

28 

31 

13 

126 

1 4 

190 

Mrs L 

55 

F 

Lingual hemorrhages 



14 



191 

Mr J B D 

44 

M 

Folliculitis ol neck 

BTeB 

32 

15 

110 


192 

B S 

23 

F 

Fissured lingers 

^RnB 

28 

11 



193 

M F W 

35 

M 

Psoriasis 


38 

19 

97 


194 

A K 


F 

Redness and scaling ol lace 

eB 

SO 

11 

101 


195 

O E 

48 

SI 

Syphilis 

i 40 

33 

15 

106 


196 

0 E 

46 

F 

Syphilis 

45 

47 

25 

102 


197 

Dr O 

34 

SI 

Ptuntus anl 

50 

30 

13 

107 


198 

O S W 

27 

M 

Pruntus am 

4 1 

87 

18 

103 


199 

J J E 

40 

F 

Leukokoratosis ol mouth 

22 

38 

14 

97 



UKIC ACID IN BLOOD 

Table 10 shows that the average amount of uric acid in the blood 
rises from that of the patients weighing between 40 and 49 kilograms 
progressively up to that of those weighing from 60 to 69 kilograms 
A steady increase is noted up to 80 kilograms, but beyond this point 
no further rise takes place, there being a slight decline in groups of 
patients of greater weight than 80 kilograms Although there is a 
drop in the uric acid content of the blood after the fourth group, the 
aveiage uric acid value is still above normal limits The average 
amount of uric acid in the first three weight groups, comprising a 









SHEVKY-STAFFORD—PROTLI\ LSTIMATIOX 22 > 

Exactly one minute after mixing it is centrifuged for fifteen minute'^ 
at 1,800 revolutions per minute The fluid should be at a temperature 
of approximately 20 C 

Under these conditions, each 0 1 c c of precipitated protein is 
equivalent to 0036 gm of protein per 100 c c of fluid 

The actual concentration of protein in 30 specimens of urine weie 
determined by the Kjeldahl method Widel}^ different concentrations 
were found, varying from 0 063 gm per 100 c c to 3 01 gm per 100 c c 
At the same time, protein determinations were made with our method 

Table 2 — Aciual Protein Concenti alioii ov Dclcnmncd by Kjeldahl and tin 
Results of Deteiminatwns Using the Authois’, Puidy’<;, St i cy cozes Li’i 
Esbach’s and Tsncbiya’s Methods 


Actual Protein F=tinntcd Conccntrntlon Piolcln Gni j-or ICO C c 

Concentr ttion , 



by Kjelfiabl 

Author's 

Purdy’s 

StrztzousLi’s 

I sbiicli’s 

9 =uehi\ a’s 

Number 

Gm per ICO C e 

Method 

Method 

Method 

Mctliod 

Alethod 

10 

0 003 

0008 

0035 

0 042 

0 000 

0110 

15 

0 101 

OIOS 

0 075 

0085 

0 080 

0 210 

9 

0154 

0101 

0102 

0 093 

0123 

0 209 

11 

0160 

0108 

0 091 

one 

0140 

0 2tO 

4 

0171 

0157 

0 054 

0 000 

0 075 

0‘'00 

5 

0 200 

0250 

0105 

0144 

01 0 

0 DO 

8 

0 213 

0173 


0120 

0130 

0 240 

23 

0221 

0 230 

0 089 

0135 


2 13 

C 

0 242 

0 271 

0120 

0 207 

0 280 

0 300 

14 

0 242 

0 212 

0 094 

0144 

0 103 

0 430 

7 

0 282 

0 2A5 

0113 

0176 

0 2 0 

0 373 

12 

0287 

0 330 

0174 

0 3C0 

0 210 

0 300 

1 

0 288 

0 321 

0130 


0 203 

0 4'0 

2 

0 404 

0 374 

0192 


0 270 

0 310 

30 

0 448 

0 390 

0 279 

OSH 

0 210 

2 93 

17 

0008 

0 700 

0 410 

0 322 

0 3 0 

1 20 

20 

0 075 

0 052 

0 4’0 

0 470 

0 830 

1 03 

27 

0 091 

0 720 

0 933 

0 470 

0 "CO 

1 20 

25 

105 

1238 

0 05f> 

0 823 

1 33 

I 02 

3 

1 OS 

1 045 

0153 


1 750 

0155 

13 

1 15 

1 17 

0 402 

0 880 

1 02 

210 

29 

1 42 

1 52 

0 5S3 

0 298 

1 "O 

1 73 

22 

1 48 

1 02 

1 08 

0140 

2 03 

3'0 

20 

1 77 

1 S3 

0 0(>3 

Old 

1 “O 

3 03 

10 

2 01 

1 94 

0 835 

3 5 0 

1 83 

4 10 

24 

2 01 

2 23 

1 38 

1 700 

1 70 

3 (X) 

18 

2 34 

2 30 

1 07 

2 ECO 

1 73 

3 30 

19 

2 43 

2 30 

0 212 

0 212 

1 00 

4 10 

21 

2 89 

2 41 

2 03 

0199 

2 03 

4 30 

28 

3 01 

3 10 

1 27 

1 270 

2 53 

0 30 


and by the clinical methods described by Purdy,^ Strzyzowski,- Esbach ’ 
and Tsuchiya ^ These comparisons are gi\ en in Table 2 

It will be noted that it is only our method which gives approxi- 
mately accuiate results In all the others, except Esbach’s, there is a 
considerable constant error, and m all without exception the variable 
error is larger than m ours The aveiage percentage error wuth our 
method in these thirty determinations is 8 4 per cent wnth a standard 

1 Purdy New York J 69 844, 1899 

2 Strzyzowski Ztschr f Physiol Chem 88 25, 1913 

3 Esbach Bull de therap 98 497, 1880 

4 Tsuchij'a Zentralbl f Med 29 105 1898 



A CLINICAL METHOD FOR THE ESTIMATION 
OF PROTEIN IN URINE AND OTHER 
BODY FLUIDS ' 

MARIAN C SHEVKY and D D STAFFORD, MA 

SAN I RAN CISCO 

Foi clinical purposes, none of the methods used m the estimation 
of protein in urine, plasma, serum, transudates or exudates are satis- 
factory Kjeldahl determinations are accurate but require too much 
tune The various methods given m textbooks on clinical pathology 
aie rapid, but they are also grossly inaccurate There seems, therefore, 
to be justification for the desciiption of a centrifuge method which has 
been used m this laboratory for some lime, since it combines simplicity 
with a considerably greater degree of reliability than any of the clinical 
methods possess 

The first step in the method is to test the protein containing fluid 
with heat and acetic acid If more than a “moderate cloud” is obtained, 
the fluid should be diluted This is necessaiy because the volume of 


Tablc 1 — Concent) atiow; of Protein bv the KjcIdahl and dntiwis’ Methods 


Qualltatn c 'lest 

Protein Concentrn 
tioD Kjeldahl 

Volume of Protein 

Heat and \cetic \cid 

Gm pcrlWCc 

I’TCcipitnted, 0 e 

Slodcr ttc cloud 

0 31 

0 85 

Litlit cloud 

0 10 

0 52 

SlifclU cloud 
'Incc 

012 

0 21 

0 03 

OIT 

Slight trace 

0 03 

012 


precipitated protein should not exceed 1 cc after centnfuging Since 
the term “moderate cloud” is vague, we give in Table 1 the concen- 
trations of protein as detei mined by the Kjeldahl method and the 
corresponding volumes of protein obtained with oui method, for what 
we call a moderate, light, and slight cloud, as well as the values for 
the concentrations described as “traces ” 

The next step is to pipet 8 c c of the fluid, diluted if necessary, into 
a 15 cc graduated centrifuge tube Our experience has shown that 
the ordinary graduated tube is usually quite inaccurate, and we have 
used tubes which were i ecalilirated oi have oui selves calibrated tubes 
with long narrow tips 

A layer of 5 c c of Tsuchiya’s reagent is allowed to flow over the 
urine, a stopper inserted and the container slowly inverted three times 
Tsuchiya’s reagent contains 1 5 gm of phosphotungstic acid and 5 c c 
of concentrated hydrochloric acid made up to 100 c c , with 95 per cent 
alcohol 


’^From the Department of Medicine of Stanford University Medical School 
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The only other inipoitant variable is the temperature We have, 
however, not been able to deteimine the eftect of temperature variations, 
because when the tempeiature of an albuminous urine, foi instance, is 
raised or lowered it retuins toward loom temperature during the 
centrifuging, so that the degree of temperature which affects the results 
could be determined exactly only by centiifuging in a room of the 
required temperature In the laboratory wheie the method was devel- 
oped the room temperature during the day was seldom lower than 
18 C or more than 22 C , and within this range temperature variations 
do not seem to have any appreciable effect 
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deviation oi ±9 7 per cent In any series of determinations, 50 per 
cent should give results which are within ±65 per cent of the true 
value 

The conditions we have selected are, of course, arbitrary, and there 
IS no reason why they should not be altered if they are found incon- 
venient, so long as a new factor is found by comparison with Kjeldahl 
results The time of centrifuging could not be shortened without some, 
though not a consideiable, loss of accuracy If a speed of 1,800 revolu- 
tions per minute cannot be obtained, any constant speed between 1,400 

Table 3 — The Effect of Varying Speed of Ccninfugtng on the Volume 

of the Protein Precipitate 


Revolution'i i)cr Minutr 


Number of AvernKO Volume of 

Obscrvntions Precipitate, 0 c 


1,400 

1,800 

2100 

2,300 


52 

0 495 

50 

0 434 

45 

0 355 

4" 

0 301 


Table 4 — The Effect of Varying Specific Gravity on the Volume of the 
Protein Pi ecipitate , Time of Centrifuging, Seven Minutes 


Specific Gra\it} 

Resolutions 
per Minute 

Number of 
Observations 

ATcrngc Volume of 
Precipitate, 0 c 

1 005 

1,800 

4 

0 322 

1040 

1,800 

4 

0 318 

1003 

2,100 

4 

0 205 

1040 

2,100 

4 

0 269 

1005 

2,300 

4 

0 254 

1010 

2,300 

4 

0 251 


Table 5 — Effect of Varying the Length of Tunc Elapsing Between Adding 
Tsuchiya’s Solution and the Commencement of Ccnlttfuging, Time 
of Centrifuging, Seven Minutes 



Number of 

Average Volume of 

Time In Minutes 

Obscrvntions 

Precipitate, 0 c 

1 

8 

0 32 

2 

8 

033 

3 

8 

0 33 

4 

8 

0 34 


and 2,300 revolutions per minute can be chosen and a correction made 
from the data given in Table 3 

The specific gravity of the fluid containing the protein appears to 
have no appreciable effect on the volume of the precipitate The varia- 
tion in specific gravit)’’ was obtained by adding salt to albuminous 
urine (Table 4) 

The time elapsing between the mixing of the fluid and the Tsuchiya s 
reagent must be kept approximately constant, for it appears that the 
greater the delay the greater is the volume occupied by the precipitate 
Data on this point are given in Table 5 
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intake of their patients low They emphasize the necessity of lowering" 
the level of protein metabolism More recently, Marsh and Waller 
showed that the hpemia of diabetes could be diminished in patients who 
were treated with such diets, and that great increases in fat ingestion 
were not accompanied by an increase in blood fat 

Up to this time clinicians knew little of the exact quantitative rela- 
tionships in the meabolism of these substances which are ketogenic to 
those which are antiketogenic In a rough way it was realized that 
“fat burned in the fire of the carbohydrates ” In 1914, a most impor- 
tant study was made by Zeller,*' who maintained a man at a minimal 
protein metabolism, but varied the proportions of fat and carbohydrate 
ingested over wide limits He found that when only one molecule of 
monosaccharid was present for two molecules of fat m the diet, acetone 
appeared in the urine The difficulty in accepting Zeller’s results as 
final lies in the fact that he had no way of measuring the proportions 
of fat and carbohydrate actually metabolized, and that sources of anti- 
ketogenic substances other than carbohydrate were not considered 
Nevertheless, Zeller’s work marked a definite advance A similar 
study made by Ladd and Palmer ’’ yielded results agreeing in general 
with those of Zeller 

Highly impoitant studies of antiketogenesis were carried out by 
Shaffer,® who demonstrated that the oxidation of aceto-acelic acid m 
alkaline solution by hydrogen peroxid in vitro was greatly accelerated 
by the simultaneous oxidation of glucose, fructose or glycerol Shaffer " 
devised a trial method for the calculation of the molecular amounts of 
ketogenic and antiketogenic substances that might be derived from 
protein, fat and caibohydrate This trial method, when applied to 
data in the literature of starvation expeiiments, of the Eskimo dietary, 
and of diabetic acidosis, yielded results which indicated that the mini- 
mum molecular ratio of ketogenic to antiketogenic substances for the 
avoidance of ketonuria m different human subjects was 1 1 A fur- 
ther confirmation of these findings was made by Shaffer by a com- 
parison of the total respiratory quotients with the degree of ketonuiia 
of fasting men and diabetic subjects He found that a molecular ratio 

5 Marsh, P L, and Waller, H G The Relation Between Ingested Fat 
and the Lipemia of Diabetes Mellitus, Arch Int Med 31 63' (Jan ) 1923 

6 Zeller Arch f Physiol 1914, p 213 

7 Ladd and Palmer Carbohydrate Fat Ratio in Relation to the Produc- 
tion of Ketone Bodies in Diabetes Mellitus, Proc Soc Exper Biol Med. 
18 109, 1921 

8 Shaffer, P A Antiketogenesis I An in Vitro Analogy, J Biol Chem, 
47 433 (July) 1921 

9 Shaffer, P A Antiketogenesis II The Ketogenic Antiketogenic 

Balance in Man, J Biol Chem 47 449 (July) 1921 

10 Shaffer, P A Antiketogenesis III Calculation of the Ketogenic 

Balance from the Respiratory Quotients, J Biol Chem 40 143 (Nov ) 1921 



STUDIES OF DIABETES MELLITUS 


II RESULTS OF TREATMENT BY DIET ADJUSTMENT WITH REF- 
ERENCE TO MAINTENANCE REQUIREMENT AND THE 
KETOGENIC-ANTIKETOGENIC BALANCE 

WILLIAM S McCANN, M D , R R HANNON, M D , WILLIAM 

A PERLZWEIG, Pn D , and EDNA H TOMPKINS, AB 

BAETIMORE 

During the years 1921 and 1922 there were two highly important 
developments of knowledge which promise to be of epoch-making sig- 
nificance in the therapy of diabetes mellitus The first of these is the 
regulation of ketogenesis The second is the specific therapy by means 
of an extract of the pancreas discovered by Banting ^ 

The problem of treatment of diabetes mellitus has long been in a 
highly unsatisfactory state Faced with a disease, which he could not 
cure, the clinician sought to prolong life by the methods of starvation 
and undemutrition brought into vogue by Allen," and endorsed by 
Joshn ^ Diets were frequently given which furnished adequate amounts 
of protein, but they were low m carboh}drate content, and generally 
contained relativel} small amounts of fat because of the fear of induc- 
ing ketosis by excessive fat ingestion It seemed generally to have 
been overlooked that the oxidation of fat continued during starvation 
and during the use of submaintenance diets, as well as the probability 
that body fat was capable of giving rise to ketone bodies to the same 
extent as an equal amount of ingested fat 

A most important contribution atos made by Newburgh and Marsh ^ 
when they called attention to the successful use of high fat diets in the 
therapy of diabetes At the time of the introduction of this method, it 
was generally considered to be a daring procedure It was shown, how- 
ever, that ketonuria ceased under the high fat regimen It became 
apparent that the amount of fat ingested had little to do with ketogene- 
sis, but that this is influenced by other factors, such as high protein 
feeding In their practice, Newburgh and Marsh keep the protein 

* The Medical Clinic, Johns Hopkins Hospital 

1 Banting, Best, Collip, Campbell and Fletcher Pancreas Extract in the 
Treatment of Diabetes Mellitus, Canad M A J 12 141, 1922 

2 Allen, F M , Stillman, E , and Fitz, R Total Dietary Regulation in 
the Treatment of Diabetes Monographs of the Rockefeller Institute for Med- 
ical Research, No 11, New York, Rockefeller Institute for Medical Research, 
Publication Dept 

3 Joslin, E P The Treatment of Diabetes Mellitus, Philadelphia, Lea 
& Febiger, 1917 

4 Newburgh, L H , and Marsh, P L The use of a High Fat Diet m 
the Treatment of Diabetes Mellitus, Arch Int Med 26 647 (Dec ) 1920 
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dilations on the actual metabolism of the patient as estimated from the 
data furnished by the basal heat production, urinary nitrogen excretion 
and the caibohydrate balance The aim in every case was to furnish 
a diet which would cover at least the basal energy requirement, with 
the foodstuffs combined in the proportions advocated by Woodyatt It 
was realized that the proportions of foodstuffs actually metabolized 
would probably be quite different from those of the diet at first, but the 
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CARBOHYDRATE IN GRAMS 

Chart 1 — To calculate a diet formula, select the diagonal line representing 
the number of calories required, choose the radial line corresponding to the 
percentage of the total calories to be furnished by protein, from the inter- 
section of these two lines read off the amounts of protein and carbohydrate on 
the axes , the intersection of the AB with the radial percentage line determines 
the factor F/C This factor multiplied by the number of grams of carbohydrate 
equals the grams of fat required 
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of ketogenic to antiketogenic substances of 1 1 corresponded to a 
respiratory quotient of 0 76 His analysis of data from various sources 
indicated that when quotients are higher than 0 76, the catabolism of 
antiketogemc substances is great enough to remove aceto-acetic acid 
as fast as it is formed 

More recently, Shaflfer has shown that while the 1 1 ratio 
usually exists at the threshold of ketonuria, when excessive ketogenesis 
occurs, the amounts of ketone bodies excreted do not correspond with 
the amount expected if the 1 1 ratio were maintained, but can be 
explained better if one assumes in such cases the existence of a ratio 
of two molecules of ketogenic to one molecule of antiketogenic sub- 
stances He has, furthermore, tentatively modified somewhat tiie fac- 
tors for estimating the molecular amounts of the two classes of 
substances arising from protein, fat and carbohydrate With these 
modified factors, he obtained much better agreement behveen the pre- 
dicted and observed excretion of ketone bodies m cases of excessive 
ketonuna 

Following the appearance of Shaffer’s first wmrk, a clear rational 
statement of the object and method of diet adjustment in diabetes was 
given by Woodyatt^- According to this author, the purpose is to 
bring the quantity of glucose entering the metabolism from all sources 
below the quantity which can be utilized without abnormal waste, and 
to adjust the supply of fat m relation to the quantity of glucose so tliat 
freedom from ketonuria may be attained He proposed a method of 
combining foodstuffs of a diet in such proportions that for every 
molecule of diacetic acid which might arise from the foodstuffs of the 
diet, there should be available from the same sources one molecule of 
glucose or its equivalent of substances capable of being converted into 
glucose These conditions are fulfilled wdien the foodstuffs are com- 
bined in the following proportions 

Fat grams = 2 X carbohydrate grams plus ^ protein grams He 
described the beneficial results of the use of such a diet m one patient 
with severe diabetes From the report of this case, however, it is not 
possible to determine what actually occurred in the patient’s metabolism 
because the urine nitrogen and the basal heat production were not 
determined 

The method of diet adjustment advocated by Woodyatt seemed so 
rational that it was introduced into the practice of this medical clinic 
It was felt from the outset that it was highly essential to base all cal- 

11 Shaffer, P A Antiketogenesis IV The Ketogenic Antiketogenic 
Balance in Man and Its Significance in Diabetes, J Biol Chem 54 399 (Oc ) 
1922 

12 Woodyatt, R T The Object and Methods of Diet Adjustment m 
Diabetes Mellitus, Arch Int Med 28 125 (July) 1921 
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at Bellevue Hospital Feces anclHinne collections, diet preparation and 
calculations were carried out in a manner identical with that described 
by these authors 

Nitrogen determinations on feces and uiine were made by the 
Kjeldahl method PhosiDliorus was determined gravimetrically by an 
official method Calcium determinations were made by McCrudden’s 
method The ui me sugar was usually determined by titration with 
Benedict’s copper leagent When piesent m amounts insufficient to 
give a qualitative test with copper reagents, the total urine sugar 
was determined by Benedict’s colorimetric method In certain of the 
cases the total acetone bodies were determined by the method of Van 
Slyke and Cullen,^® and reported as beta-hydroxybutyric acid In other 
cases, the total organic acid excretion was measured by the method of 
Van Slyke and Palmer Except in ^well-marked ketonuria, the ace- 
tone bodies make up onlj/ a part of the total organic acids Ammonia 
w^as determined by the method of Van Slyke and Cullen 

The analyses of blood for sugar and carbon dioxid combining power 
weie made on specimens collected befoie bieakfast The sugar of the 
whole blood was detei mined by the method of Fohn and Wu For 
the determination of the alkaline reserve of the plasma, Van Slyke and 
Cullen’s method was used -- 

Mail} of the basal metabolism determinations weie made in the 
course of respiration experiments with the Tissot spirometers, Loven 
\ ah es and an analyzers, as described in a previous publication For 
other patients, the routine procedure was to determine the metabolism 
in a closed circuit apparatus,-^ equipped with a graphic recording 


15 Official and Tentative Methods of Analysis of the Association of Official 
Agricultural Chemists, Washington D C, 1920, p 2 

16 McCrudden, F H The Determination of Calcium in the Urine, J Biol 
Chem 10 187, 1911-1912 

17 Benedict, S R , and Osterberg, E A Method for the Determination 
•of Sugar m Normal Urine, J Biol Chem 48 51, 1921 

18 Van Slyke, D D , and Cullen, G E Studies m Acidosis VII The 
Determination of Beta-Hydroxybutync Acid, Acetoacetic Acid, and Acetone 
m the Urine, J Biol Chem 32 455, 1917 

19 Van Slyke, D D , and Palmer, W W Studies m Acidosis XVI 
The Titration of Organic Acids in the Urine, J Biol Chem 41 567, 1920 

20 Van Slyke, D D , and Cullen, G E A Permanent Preparation of 
Uiease and Its Use in the Determination of Urea, J Biol Chem 19 211, 1914 

21 Folin, O , and Wu, HA A Simplified and Improved Method for the 
Determination of the Sugar in the Blood, J Biol Chem 41 367, 1920 

22 Van Slyke, D D , and Cullen, G E The Bicarbonate Concentration 
of the Blood Plasma and a Method for Its Determination, J Biol Chem 
■30 289 and 347 1917 

23 McCann, W S , and Hannon, R R Studies of Diabetes Mellitus I 
The Effect on the Respiratory Exchange of the Ingestion of Glucose, Glycerol 
Calcium, Hexose Phosphate, Calcium Glycerophosphate, Bull Johns Hopkins 

Hosp 34 73 (March) 1923 , , ^ 

24 Metabolor made by the Toledo Technical Appliance Co 
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hope was that the metabolism would gradually adapt itself to these pro- 
portions Certain variations from Woodyatt’s procedure were intro- 
duced, namely, in regard to the protein of the diet This, it was felt, 
should be kept low m ordei to facilitate the diminution of the patient’s 
protein metabolism After reaching a minimal protein metabolism, the 
protein of the diet was increased to cover the requirement This gen- 
eral plan of treatment was outlined m a previous communication,^^ 
together with a chart for the rapid calculation of the diet formula This 
chart has been so useful that it has been reproduced in Figure 1 

The equimolecular ratio of ketogenic to antiketogenic substances 
was adhered to in spite of the later work of Shaffer and others, 
which tended to show that this ratio furnished moi e carbohydrate than 
was necessary for the avoidance of ketone formation As Shaffer 
himself pointed out, the molecular ratio is almost always 1 1 at the 
threshold of ketonuria, and this ratio is certainl} the only safe mini- 
mum for clinical use 

Although the general plan of treatment was based on the idea of 
giving every patient at least enough food to cover the basal energ}^ 
requirement (basal metabolism plus 10 per cent), it was anticipated 
that a small percentage of patients would be unable to take this amount 
of energ}' in such diets without glycosuria For such patients, some 
additional means of therapy, such as the use of insulin, is imperative 

Through the kindness of Dr G FI A Clowes of the Eh Lilly 
Research Laboratories, it has been our privilege to study the effects of 
“insulin” (Iletin) on diabetic patients One of the objects of this 
report on the dietotherapy alone is to afford some typical controls for a 
subsequent report of the use of dietotherapy plus insulin therapy 

During the year following the beginning of the present study, 
approximately 100 patients were treated m the mannei to be described 
Many of these patients were in general wards, especiall}’’ in the female 
and negro wards, in which the most accurate excreta collections were 
impossible, and in which occasionally extra food was taken The sub- 
jects of the present report were all studied in the white male ward of 
the medical clinic, which is equipped with a metabolism room with its 
own special diet kitchen The observations of these patients were all 
made with the highest degree of accuracy 

METHODS or STUDY 

The management of the metabolism ward is essentially that described 
by Gephart and DuBois for the ward of the Russell Sage Institute 

13 Hannon, R R , and McCann, William S A Graphic Method for the 
Calculation of Diabetic Diets in the Proper Ketogenic Antiketogenic Ratio, 
Johns Hopkins Hosp Bull 33 128 (April) 1922 

14 Gephart, F C, and DuBois, E F The Organization of a Small 
Metabolism Ward, Arch Int Med 15 829 (May) 1915 



Table 1 — Diet and Metabolism in Case 
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device so that the principle of Krogh Avas used in the measurement 
of the oxygen consumed, assuming an average respiratory quotient of 
0 72 m calculating heat production of diabetic subjects 

Calculations of the ketogenic-antiketogenic balance have been based 
on the actual metabolism of the patients, but only in cases in Avhich the 
subjects Aveie kept quietly in bed so that the heat production could be 
estimated (ba‘^1 metabolism plus 10 per cent ) For this reason, the 
rule Avas made that patients shoAving ketonuria should be kept in bed as 
nearly at absolute rest as possible until the urine ceased to contain ace- 
tone In calculating the foodstuffs metabolized, the folloAving pro- 
cedure Avas folloAved 

Urine Nitrogen grains X 625 = Protein metabolized, gm P C, carbohydrate 
utilized — Food carbohydrate minus urine sugar Fat oxidized, grams = 
Total heat produced — 4 1 (P -f- C) 

93 

Total heat produced = Basal metabolism plus 10 per cent 

In the diet and metabolism tables the aA^ailable diacetic acid, FAr 
and the available glucose, G, AA'ere calculated by the method of Wood- 
yatt,^^ in accordance Avith the formulas 

FA = 09F 4-046P 
G = 0ir-f058 + C 

m Avhich F = grams of fat, P = grams of protein, and C = grams 
of carbohydrate 

The diet and metabolism tables haA'e been abbreviated by deleting 
relatively unimportant parts for the sake of space The essential data 
from the complete tables is recorded graphically All data relative to 
ketogemc-antiketogenic balance during periods of significant ketonuria 
haA'^e been retained in the tables 

REPORT or CASES 

Case 1 — Histoiy — W A, a mechanic, aged 22 years, admitted to the hos- 
pital on Dec IS, 1921, complaining of general weakness, had been in good healt i 
until October, 1921, when he noticed excessive thirst, hunger, frequent an 
excessive urination, general weakness and a loss of weight of 20 pounds (9 0 
kg ) m two months For three weeks before admission he had noticed that e 
was drowsy and that he tired easily For two weeks he had suffered from 
a dry cough accompanied by a choking sensation Drowsiness had increase 
ver}^ much in the two days prior to admission 

The family history was not important except for the fact that his 
was very obese The past history Avas unimportant His best weight ,, 

pounds (65 77 kg ) One year before admission, he weighed 140 pounds (o 
kg ) and maintained this weight up to the onset of illness His weight on 
admission was 102 pounds (46 26 kg) 


25 Krogh, A Respiration Apparatus for the Determination of the Energy 
Metabolism m Man, Wien klin Wchnschr 35 290, 1922 
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almost as much carbohydrate as before At this time glycosuria cea‘:ed 
Between January 8 and 15, it was possible to increase the calories to 1,500 gni 
and the protein intake to 50 gm , without a return of glycosuria This diet 
was continued up to January 30, with the exception of January 15, on which 
day green vegetables were given 

In Period I, from January 18 to 22, inclusive, stools were saved quantitatively, 
separation of feces being accomplished by means of carmine given with the 
breakfast of the first day of each period Periods II, III, and IV began on 
January 23 and 28 and on February 2, respectively Complete excreta collec- 
tions were made for the purpose of determining the balance between the intake 
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Chart 2 (Case 1) —Metabolism chart of Walter A Black columns repre- 
sent carbohydrate in grams utilized or excreted m the urine The shaded 
columns represent protein metabolism in grams per diem Unshaded columns 
represent the estimate of the amount of fat oxidized a day 


and outgo of calcium, phosphorus and nitrogen These results will be dis- 
cussed separately (Table 2) 

During Period II, 60 gm of calcium hexose phosphate were given daily 
Though this increased the available carbohydrate by 37 gm , no increase m 
blood sugar or sugar excretion occurred 

During Period III, it was demonstrated that the patient could tolerate the 
addition of 37 5 gm of glucose to the diet just as well At the time it was 
thought that the accumulation of a large phosphorus balance during Period II 
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Physical Examination — Examination on Dec 15, 1921, revealed a tempera- 
ture of 97 F , pulse rate, 94, respirations, 24, blood pressure sjstolic, 115, 
diastolic, 78, height, 170 cm The patient was a markedly emaciated joung 
-white man, lying quietly m bed and apparently ver} drowsj , the respirator\ 
rate and amplitude were both increased A fruity odor was noticeable When 
aroused the patient was mentally clear but soon lapsed into drowsiness The 
■face was flushed and dry The checks were sunken The mucous membranes 
were red, the tongue beefy, dry and furrowed The eyes were normal, except 
for low ocular tension No other abnormalities vvcie noted except a slight 
impairment of resonance and a few moist rales in the left upper side of the 
chest This observation was not confirmed on subsequent examination The 
urine showed the presence of a large amount of Sugar, acetone and diacetic 
acid The blood flowed sluggishly, it was rather thick and dark red The 
carbon dioxid combining power of plasma was 27 7 v'olume per cent There 
were 6,400,000 red blood cells 18,000 white blood cells and 90 per cent liemo- 
:globin The Wassermann reaction was ncgativ’c The patient was starved and 
forced to take large aomunts of water 

Dcccmhci 16 The patient was less drowsv The odor of acetone persisted 
Evidence of desiccation w'as still marked Starvation was continued During 
this day the fluid intake exceeded the output In 3,000 cc The h 3 perpnea tended 
to dimmish 

Dcccmhci 17 The patient was more alert in the morning He was given 
21 gm of protein, 110 gm of fat and 51 gm. of carbohjdrate The blood 
plasma taken in the morning showed the same low carbon dioxid combining 
power, and a marked hjperglyccmia, 0351 per cent Further data are given 
on the metabolism chart 

December 18 Steady improvement was noted, the natient was brighter 
and more comfortable 

Dcccmhci 19 Hyperpnea and odor of acetone weie much diminished 
Roentgen-ray report Chest The lungs were clear 

Dcccmhci 24 The patient’s condition was dcfiiiitcb improved 

Jaiiuaty 4, 1922 The patient admitted having stolen food on one occasion, 
December 29 On Januarj’’ 5, he was admitted to the special metabolism ward 

Comment — The course of the patient under treatment can best be followed 
liy reference to the diet and metabolism chart in Table 1 Much of the data 
IS recorded graphically in Chart 2 

The diet from December 16 to 20 furnished enough calories to cover the 
basal metabolism In this period, the evidences of acidosis disappeared, the 
carbon dioxid capacity of the plasma increased, and hj’pergl} cemia was some- 
what less Large amounts of sugar continued to be excreted 

In order to hasten the disappearance of glj'cosuiia, the patient was starve 
again on December 21, and given only 1,000 gm of 5 per cent vegetables on 
December 22 This was partly effective in reducing both the blood sugar 
level and glycosuria 

On December 23 and 24, the diet furnished about 1,400 calories, of 
19 per cent were derived from protein, fat and carbohydrate, being m e 
proportions of Woodyatt’s formula This was thought to be too much protein, 
iiecause on the second day the blood sugar had increased, and glycosuria was 
greater 

On the twenty-fifth and twenty-sixth, the diet was again changed to give 
about 1,300 calories, with 5 per cent derived from protein This was followe 
"by a decreased sugar elimination On the twenty-seventh, only 1,000 gm o 
^reen vegetables were given, and from the twenty-eigth to January 1 
sive, the 1,300 calorie diet was resumed During this period a break in le 
•W’as admitted 

From January 2 to 5 the amount of protein given* was doubled On tie 
■sixth and seventh the diet vvas low in protein, contained almost no fat, a 
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might have had a favorable effect on the carbohydrate tolerance That this was 
probably not the case became apparent later when other patients were observed 
to show similar increases in carbohydrate utilization on a similar dietary 
regimen to which phosphorous compounds were not added 

During Period IV, the carbohydrate intake was slowly increased to 160 gm 
without any increase in blood sugar level or in glycosuria It was considered 
unwise to continue this increase That this probably represented the maximum 
diet which could be tolerated was shown by the fact that on February 10 the 
sugar excretion rose slightly 

The patient, having been trained to weigh and calculate the composition of 
his diets accuiately, was permitted to leave the hospital on Feb 13, 1922, to 
return to work He was advised to keep his diet within the limits of the diets 
given on February 11 and 12, allowing him between 1,700 and 1,950 calories He 
remained well — the urine being practically sugar free — and at work during the 
spring and summer following his discharge He adhered to his diet for a period 
of SIX months, after which he ate anvthmg he desired On Oct 10, 1922, he 
caught cold and became ill and weak He sought treatment from a chiropractor, 
who prescribed a liberal carbohydrate diet in addition to his manipulations He 
was obliged to quit work on October 19 His ankles became much swollen He 
returned to Johns Hopkins Hospital for further treatment on Nov 2, 1922 

Second Admission — Examination showed practically the same findings as 
on the previous admission, except that the clinical evidences of acidosis were 
not so marked The tendon reflexes in both upper and lower extremities could 
not be elicited There were 4,664,000 red blood cells, 9,666 white blood cells and 
75 per cent hemoglobin An incomplete twenty-four hour specimen showed 
the presence of more than 200 gm of sugar and large amounts of acetone and 
diacetic acid Roentgen-ray examination of the lungs showed no abnormality 

The patient’s progress under treatment can best be followed by reference 
to the diet and metabolism chart. Table 3, which is graphically representea in 
Chart 3 

On a diet slightly above the theoretical requirement, there was a rapid 
development of acidosis, as shown by the rapid fall in carbon dioxid combining 
power of the blood plasma 

The progress of the acidosis was arrested by substitution of glycerol for 
carbohydrate in the diet on November 7 and 8, 36 gm of glycerol being added 
to 40 per cent cream The carbon dioxid combining power rose and continued 
rising on the subsequent days on which the patient received a submaintenance 
diet containing only 11 gm of protein 

From November 7 to 15, quantitative estimation of the excretion of acetone 
bodies was made These bodies were calculated as beta-oxybutyric acid The 
excretion decreased from 38 gm on November 6 to 5 gm on November 9, 
during which time the carbon dioxid capacity of the blood plasma increased 
from 296 to 478 volume per cent Acetone excretion diminished to 0 69 gm on 
November 15, and qualitative tests were negative between the fifteenth and 
seventeenth, at which time the FA/G ratio was between 1 85 and 2 00 There 
is a striking parallelism between the amounts of beta-oxybutyric acid excreted 
and the FA/G ratios, which is brought out graphically in Chart 4 (see also 
Tables 3 and 4) 

A submaintenance diet, 1,240 calories, was continued until November 29 
The protein of the diet was kept low, between 11 and 22 gm The protein 
metabolism decreased rapidly, but the patient remained in negative nitrogen 
balance The sugar excretion decreased slowly until qualitative tests were 
negative on November 25 The patient gamed in weight during this period in 
which he was receiving insufficient food to cover either energy or protein 
requirement This increase in weight is probably due to water accumulation 
Slight facial edema was sometimes noticeable 

The blood sugar did not reach normal limits until November 30 Between 
November 29 and December 8, there was a rather rapid increase in both 
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The basal heat production and respiratorji^ quotients obtained on different 
occasions are given in Table 5 

Case 2— Samuel P, was admitted on Jan 31, 1922, complaining 
of diabetes The patient first noticed polyuria, polydypsia and polyphagia in 
September, 1921 He frequently passed “a gallon of urine a night ” His condi- 
tion became much worse about Christmas, 1921, at which time he was first 
given dietary treatment by a physician His symptoms diminished, so that at 
the time of admission there was no nocturia 

His mother, maternal aunt and maternal grandmother all had diabetes The 
family history otherwise was unimportant 

The patient enjoyed excellent health until September, T921 In 1917, the 
vision of the right ej^e was partially destroyed by an electric flash In the same 
year, he had a single soft sore on the penis, at the base of the prepuce, which 


Table 4 — Kctogcnesis in Case 1 


Date 

Foodstuffs 

Metabolized 

Total 

Ace- 

tone 

Bodies 

Ex 

ereted, 

Gm 

Excess 

Keto- 

gens 

Milli- 

mols 

E 

Keto 

sens 

lota] 

MiUi 

mols 

K 

Keto- 

gens 

Oxidized 

Milb- 

mols 

K~Ei=K' 

Anti 

keto 

gens 

Milli 

mols 

A 

Ratio 

K A 

Ratio 
K' A 

Pro 

tein, 

Gin 

Fat, 

Gm 

Oarbo 

by 

drata, 

Gm 

11/ 6/22 

61 5 

138 

—36 0 

57 4 

551 

618 

67 

74 

84 


11 / r /22 

59 4 

127 

—72 

36 7 

353 

578 

225 

223 

2 6 

1 0 

11/ 8/22 

37 8 

125 

15 8 

19 5 

188 

521 

333 

281 


1 2 

11/ 9/22 

26 6 

130 

17 9 

78 

75 

511 

436 



1 7 

11/10/22 

266 

144 

—13 4 

12 9 

124 

559 

435 

94 

59 

4 6 

Av 9 and 10 





100 

535 

435 

177 


25 

11/11/22 

40 4 

143 

—26 

31 

30 


559 

197 


28 

11/12/22 

33 8 

129 

116 

30 

29 

524 

495 

247 

21 


ll/lS/22 

831 

128 

151 

35 

34 


486 

m 


18 

11/14/22 

28 5 

127 

23 2 

1 1 

10 


494 

293 

17 

1 7 


Table 5 — Basal Heat Pioduchon and Respnatoiy Quotients 


1 Basal Metabolism, 

I Calories per Hour j 

Respirator! 

Quotient 

Jan 25, 1922 

54 9 

077 

Jan 29, 1922 

62 2 

0 75 

Feb 8, 1922 

60 8 

0 82 

Nov 10, 1922 

54 8 

0 70 

Dec 22 1922 

650 

0 76 


was treated locally by cauterization Six weeks later there was a rash which 
covered his back and chest One year later, the blood Wassermann reaction 
was reported positive He received eight intravenous injections of arsphena- 
min, and seventy-two injections of mercury into the buttocks The patient 
said that he had always been nervous, easily excited, that he drank heavily 
and smoked excessively He had always done hard work on a farm His best 
weight was 174 pounds (789 kg) in 1919 On admission, he weighed 65 kg 
(144 pounds) 

Physical Evaminatwn —Temgerziure, pulse and respiration were normal 
The patient’s height was 175 cm, and he weighed 65 kg He was a well 
developed, somewhat undernourished young white man, lying quietly and com- 
fortably in bed Respirations were normal in rate and amplitude There was 
no odor of acetone on the breath Over the skin of the face, neck and trunk 
there were many acne papules and pustules and a great many comedones 
Over the back and on the dorsal surface of the right thigh and buttock, there 
were several furuncles There were small scars of previous lesions The lymph 








238 


ARCIIll ES or lATERKAL MEDICI \E 


protein and carbohydrate content of the diet On December 8, the blood sugar 
value was found to be above normal, and on the following day glycosuria was 
noted The diet at this time was P 45, F 148, C 72 gm , 1,850 calories It is 
apparent, therefore, that the maMmum diet wdiich this patient could tolerate 
on recovery on this admission is definitely less than that ivliich was reached 
on the former admission This probably illustrates the downward progression 
of the course of the disease, -which so many observers have noted 

Between November 26 and December 14, the patient received 30 gm of 
calcium hexose phosphate dailj As compared with control cases in which none 
was given, the rate of increase in carbohydrate tolerance does not seem to 
have been accelerated by phosphate administration 



Chart 3 (Case 1) — Metabolism chart of Walter A, second admission 
Black columns represent carbohydrate utilized or excreted , shaded columns, 
protein metabolized, unshaded, fat oxidized All foodstuffs are given m grams 
The diet given IS not shown in the graph 

Between Decembei 14 and 21, gradualN increasing amounts of “iletin 
(insulin, Lilly) were given, until glycosuria was stopped and the blood sugar 
value was again within normal limits, the diet remaining unchanged (l,85v 
calories) 

Numerous respiration experiments were carried out on this patient From 
the basal observations of the respiratory exchange, the basal heat production 
was calculated and the twenty-four calorie requirement was estimated These 
experiments have been reported in a previous communication'^ The experi- 
ments showed a diminished ability to oxidize glucose, as showm by a fall in 
respiration quotient following the ingestion of glucose 
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l^ngs and heart were normal Blood pressure was systolic, 115, diastolic, 75 
There were no other findings of importance except that there was a small 
white scar on the dorsum of the glans penis 

The urine contained considerable sugar, acetone and diacetic acid The 
blood contained 0 22 per cent sugar 

Diagnosis Diabetes mellitus, syphilis, acne vulgaris, furunculosis and 
retinitis proliferans 



Chart 5 (Case 2) —Metabolism chart Foodstuffs mkabolized are given 
in grams The black areas indicate carbohydrate, the shaded, protein, the 
unshaded, fat 

Fcbrmjy 1 Blood Count Red blood cells, 5,464,000, ivhite blood cells, 
S,200 , hemoglobin, 99 per cent Smear and differential count were normal 
Fcbruajy 2 The blood Wassermann reaction was negative 
Comment-— Tht course of the patient under treatment is best shown in 
Table 6, which contains all the data relative to diet and metabolism It is 
also shown graphically in Chart 5 
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nodes at the angle of the jaw, axillae and inguinal regions were palpable, but 
not much enlarged or tender The extra-ocular movements were normal The 
left pupil reacted to light directly but not consensually , the right pupil did not 
react to light directly, but did react consensually Vision m the right eyt 
was confined to light perception only 

Ophthalmoscopic Exavwwtion The left eje was normal There was 
posterior polar cataract in the right eye this disk outline was blurred, appar- 



Chart 4 (Case 1) — Ketogenesis Note Tables 3 and 4 

ently due to lenticular opacity Extending outward from the disk, there was 
a streak of connective tissue running upward and to the nasal side until it met 
an area of choroidal atrophy from which strands of connective tissue extende 
out into the vitreous Just below the margin of the disk there was another 
connective tissue strand also extending out into the vitreous and temporalwr 
to the limit of ophthalmoscopic vision Diagnosis Retinitis proliferans ^ 
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From February 1 to S, inclusive, the patient was given a diet furnishing 
only enough calories to cover the basal heat production, of which 10 per 
cent of the calories were obtained from protein Fat and carbohydrate were 
m the proportions of Woodyatt, F = 2 C plus P/2 On such a diet, very little 
change in the mount of sugar excreted was observed The blood sugar fell 
from 0 39 per cent to 0 16 per cent 

From February 6 to 9, inclusive, the protein and carbohydrate of the diet 
weie unchanged, but the fat was reduced to the lowest possible figure At 
the end of this period, the blood sugar was within normal limits and the sugar 
excretion much reduced This was probably only a continuation of the 



Chart 6 (Case 3) —Metabolism chart Black columns throughout represent 
carbohydrate utilized or excreted in the urine Stippled columns represent 
glycerol and carbohydrate Protein metabolism (urine nitrogen grams X 625) 
IS shown by the hatched columns Estimated fat oxidized is shown by the 
unshaded columns 

improvement initiated m the preceding days During this last period the excre- 
tion of organic acids was much reduced Diacetic acid ceased to be detected 
first in the urine of Pebruary 7 On this day, the ratio of the available ketogenic 
substances, FA, to the total available antiketogenic substances, G, was found 
to be 1 5 The last observed diacetic acid excretion, February 6, occurred when 
the FA/G was 1 S A small amount of acetone continued to be excreted 
throughout the patient’s stay in the hospital, but as long as diacetic acid was. 
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not present, the patient was allowed to sit up, so that the fat metabolism could 
■no longer be calculated from the basal beat production 

During Periods I, II and III, as shown in Table 5, this patient was given 
first inorganic phosphate, Cas (P04)2, calcium hexose phosphate, and calcium 
glycerophosphate During these periods, the actual utilization of carbohydrate 
increased, although a slight glycosuria persisted The sugar content of the 
blood taken before breakfast remained within normal limits In the light of 
similar marked improvement observed in cases treated without addition of 
large amounts of calcium and phosphorus to the diet, the improvement in this 
case IS not attributed to the effect of calcium or phosphorus 

The balance between ingestion and excretion of calcium phosphorus and 
nitrogen are given in Table 7 In the case of calcium and phosphorus, no 
comment is offered Nitrogen balance was negative throughout This may be 
due to the large bulk of stools caused by the use of bran agar biscuits 

Respiration experiments on this subject have been reported in a previous 
communication “ The determinations of the basal metabolism and respiratory 
quotients are given in Table 8 


Table 8 — Basal Metabolism a.id Respiratory Quotients in Case 2 


1 Basil Metabolism ! 

Kespiratorv | 

Percentage of 

1 Calories per Hour 1 

Quotients | 

Avenge Xormal 


‘I 


Peb 15, 1922 

69 3 

o-s 

97 

Feb 19, 1922 

700 

0 83 

98 

Feb 22 , 1922 

641 

0 77 

90 

Feb 24, 1922 

688 

0 80 

96 

Feb 27 1922 

701 

0 77 

98 

Mar b, 1922 

67 7 

0 83 

05 


Case 3 — Histoiy — Charles G a schoolboy, aged 14 years, was admitted 
to the hospital on April 15, 1922, complaining of loss of weight The paternal 
grandmother probably had diabetes The patient’s general health had been 
excellent He had had scarlet fever at the age of 8 and measles at the age of 
10 In July, 1921, he had had typhoid fever, with which he had been ill for 
two months The attack was a mild one without complications His present 
illness dated from the convalescence from typhoid fever He had always 
eaten heartily He had frequent attacks of “indigestion” with abdominal pain, 
vomiting and constipation These attacks were relieved b\ rest restricted diet 
and castor oil He was habitually constipated, requiring purgatives most of 
the time Before the attack of typhoid fever, the patient weighed 95 pounds 
(43 09 kg) Following this he weighed only 80 pounds (3628 kg) 

During the typhoid convalescence, an attempt was made to fatten the patient 
In October, 1921, he began to drink a large amount of water, about 5 quarts 
a day The urinary output increased in proportion His appetite was unusually 
good His weight decreased slowly Sugar was discovered m the urine, but 
in spite of this he was given meat and candy and all that he could eat in an 
effort to make him gain weight During the month prior to admission he lost 
4 pounds (181 kg), the weight on admission to the hospital being 68 pounds 
(30 84 kg ) 

Physical Examination —The patient’s height was 154 5 cm , he weighed 
30 1 kg The patient was a thin poorly nourished, rather pale boy of 14 years 
The skin was loose from loss of the panniculus The mucous membranes were 
somewhat pale Other than this no abnormalities ivere found 

The urine showed the presence of large amounts of sugar and acetone bodies 
Blood examination revealed red blood cells 5,864.000, white blood cells, 5,920, 
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hemoglobin, 100 per cent, with a normal diffeiential count The Wasscrmann 
reaction was negative The blood sugar content was 0465 per cent 

Comment — ^The patient was at first given a diet of 1,300 calories, estimated 
to cover the normal requirement for his size and age Subsequently this ^\as 
found to be greatly in excess of the actual requirement (Table 9) At the 
end of one week on this diet the sugar excretion had considerably diminished, 
the blood sugar remaining high For two daj's, April 23 and 24, the total 
calories of the diet were reduced to 450 b}' diminishing the fat from 108 to 
15 gm The blood sugar remained stationary, the carbon dioxid capacity of 
the plasma increased, and there was a coincident decrease m excretion of 
acetone bodies 

The basal heat production was found to be 910 calories a day On April 25, 
a diet was given furnishing 1,000 calories for an estimated requirement of 
basal metabolism plus 10 per cent The patient was kept m bed and showea 
little tendency to activity, as he was ill and weak 

Between April 25 and 29, a further decrease m urine sugar excretion occurred 
and a further diminution in acetone elimination On the t\\entj -ninth, the diet 
formula was unchanged except that 31 gm of glycerine were substituted for 

Table 10 — Kefogeitests vi Cofc ? 


Date 

Foodstuffs 

Metabolized 

Total 

Ace- 

tone 

Bodies 

Ex 

creted, 

Gm 

Excess 

Keto- 

gens 

Milh- 

mols 

E 

Keto- 

gens 

Total 

Milh- 

mols 

K 

Keto 
gens 
Oxidized 
Milli 
mols 
K— E=K' 

Anti- 
let 0 
gens 
Milli- 
mols 

A 

1 

Ratio 
K' A 

Pro 

tern, 

Gm 

Fat, 

Gm 

Carbo- 

hy- 

drate, 

Gm 

4/19/22 

43 6 

96 

— 16 5 

281 

270 

435 

165 

92 

4 7 

1 8 

4/20/22 

35 5 

94 

—54 

28 5 

274 

407 

133 

137 

so 

1 0 

4/21/22 

441 

88 

12 

18 8 

180 

408 

228 

258 

16 

09 

4/22/22 

389 

91 

03 

32 2 

310 

406 

96 

175 

2 3 

1 8 

4/23/22 

38 9 

90 

19 

15 3 

147 

402 

255 

186 

2 2 

1 4 

4/24/22 

41 r 

SO 

11 5 

12 5 

120 

376 

256 

244 

1 5 

1 1 

4/25/22 

361 

87 

10 5 

14 6 

140 

385 

245 

224 

1 7 

1 1 

4/26/22 

381 

85 

ISO 

131 

126 

384 

258 

243 

1 6 

1 1 

4/2V/22 

35 9 

88 

96 

110 

106 

389 

283 

218 

1 8 

1 3 

4/28/22 

30 9 

87 

16 0 

69 

66 

373 

306 

181 

21 

17 

4/29/22 

289 

83 

27 3 

34 

33 

354 

321 

235 

1 5 

14 

4/30/22 
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78 
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20 

19 
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11 

1 04 
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82 

32 2 
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1 03 
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06 

06 


31 gm of carbohydrate The result was an immediate sharp decrease m 
both sugar and acetone excretion Following this, the diet consisted of 1,000 
gm of 5 per cent vegetables, furnishing only 236 calories By May 3, glycosuria 
was no longer present, and only minimal amounts of acetone bodies were 
■excreted 

From the data available m this case, it is possible to calculate the ratio of 
ketogenic to antiketogenic substances in the patient’s metabolism at the time 
of cessation of ketonuria Between April 27 and 30, the beta hjdroxybutyric acid 
excretion decreased from 7 3 gm to 1 3 gm , and the ratios FA/G diminished 
from 2 43 to 1 50 The ratios at the time of cessation of acetone body excretion 
he between the values of 1 49 and 1 55, corresponding closely with the 
theoretical metabolism of one molecule of diacetic acid with one molecule of 
hexose (Table 10 and Chart 7) 

The further course of the patient was one of rapid impro\ ement By May 10, 
the blood sugar was at the normal level, and the alkaline reserve of the plasma 
was normal A slight increase in carbohydrate intake resulted m a return of 
the blood sugar to a higher level on the thirteenth At this time, administration 
of calcium hexose phosphate was started Without decreasing the diet, the 
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Reports in December, 1922, and January, 1925, indicate that he was having 'a 
great deal of trouble with digestive disturbances and great difficulty on 
account of constipation 

During the patient’s stay in the hospital, he was the subject of several 
respiration experiments which have been reported in a previous paper‘d These 
experiments showed that at the time of marked glycosuria and hyperglycemia 
there was complete inability to oxidize glucose during a period of two hours 
after ingestion There was much greater rapidity of oxidation of ingested 
calcium hexose phosphate Coincident with the increase in sugar utilization, 
respiration experiments showed an improved ability to oxidize glucose ingested 
The basal metabolism tests are summarized below 
April 21 The basal metabolism rate was 25 per cent 
normal — 37 9 calories an hour X 24 = 910 calories a day 
May 3 The basal metabolism rate was 32 per cent 
normal — 34 4 calories an hour X 24 = 826 calories a day 
May 8 The basal metabolism rate was 34 per cent 
normal — 33 4 calories an hour X 24 = 802 calories a day 
May 19 The basal metabolism rate was 36 per cent 
normal — 32 2 calories an hour X 24 = 773 calories a day 
May 26 The basal metabolism rate was 35 per cent 
normal — 32 5 calories per hour X 24 — 780 calories a day 

Case 4 — Histoiy — Howard M , a schoolboy, aged 16 vears, was admitted July 
7, 1922, complaining of thirst and loss of weight The familj’’ history and past 
history were unimportant The patient had been in good health until late 
November, 1920, at which time he noted that he was more thirsty than usual and 
that he was drinking large amounts of water Frequent urination was noted, 
with three or four voidings at night In spite of a large food intake, a loss of 15 
pounds (6 8 kg ) in weight occurred in the course of a few weeks His weight 
prior to the onset had remained stationary at about 85 to 90 pounds (38 5 to 40 8 
kg ) between the ages of 14 and 16 His first physician prescribed arsenic and 
water restriction Two or three weeks later, the urine contained sugar The diet 
prescribed was practically carbohydrate free, but allowed unmeasured amounts 
of fat and protein Under this regimen, glycosuria continued until March, 
1921 At this time, starvation was commenced The urine ceased to contain 
sugar The diet was gradually increased until the patient was comfortable He 
gained slightly in weight In August, 1921, glycosuria was again discovered 
From this time on sugar occurred in the urine at intervals of two to three 
weeks On each occurrence, the patient was starved until sugar free, and the 
diet again built up In this process, only the carbohydrate content of the diet 
was considered The amount of carbohydrate which he could take without 
glycosuria decreased At the time he left his home to enter the hospital, he 
had no glycosuria The diet was much under maintenance, containing only 
8 gm of carbohydrate In traveling, he -again developed glycosuria 

Physical Examination — ^The patient’s height was 153 cm, he weighed 32 
kg The examination was entirely negative, except for evidence of extreme 
emaciation, the presence of pyorrhea alveolaris, sluggish tendon reflexes and 
small characteristic xanthomas situated on the dorsa of the hands between 
the thumbs and index fingers The blood pressure was systolic, 100, diastolic, 
75 Temperature, pulse and respirations were normal Blood examination 
revealed 4,264,000 red blood cells, 8,200 white blood cells and 70 per cent of 
hemoglobin Blood smear and differential count were normal The Wasser- 
mann reaction was negative The blood sugar on July 8 was 0195 per cent 
Urine examination showed the presence of sugar but no acetone, albumin or 
casts 

Treatment and Course— The course of the patient under treatment can be 
followed best by reference to the diet and metabolism chart given m Table 11 
The patient’s dietary requirement was estimated to be about 1 300 calories a 


below the average 
below the average 
below the average 
below the average 
below the average 
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blood sugar again returned to normal levels, and it was possible to increase 
the diet by increase of carbohydrate from 52 to 142 gm and of total available 
glucose from 79 to 159 gm Ihe increase in diet was discontinued because it 
was not desirable to push the increase to the tolerance limit By the use of 
more fat and less carbohydrate, the patient could take an adequate diet He 
was discharged on Maj’- 31 with instructions to restrict the diet to from l,500i 
to 1,700 calories 



Chart 7 (Case 3) — Ketogenesis The FA/G ratios were calculated from 

the amounts of foodstuffs metabolized bA’’ the patient, not from the diet given 

Reports from the patient during the summer showed that he was able to 
keep the urine free from sugar, and several blood examinations showed a 
normal fasting sugar content 

During the fall and early winter of 1922, occasional glycosuria was reported, 
easily controlled by the patient himself by means of green vegetable diet- 
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day, though subsequent determination of the basal metabolism (995 calories) 
showed the basal requirement to be 1,100 calories Calculation of the fat 
metabolized is based on the latter figure during the period in which the patient 
was confined strictly to bed 

The initial diet furnished 1,300 calories daily from July 8 to 16, with 10 per 
cent of the total calories from protein In all diet prescriptions the relation 
of the foodstuffs is expressed by the formula F = 2 C plus P/2 On this diet, 
the patient’s progress was apparently satisfactory, the urine contained no 
acetone or glucose , the blood sugar fell at first from 0 195 per cent to 0 175 
per cent There was a considerable loss of nitrogen daily, so that the amount 
of protein in the diet was doubled, keeping the same total caloric value of 
the diet 

The effect of the increase m protein m the diet between July 16 and 20 was 
most undesirable On the second day following the increase a trace of sugar 
appeared m the urine This was followed by marked glycosuria, which per- 
sisted during the whole remaining period of observation 

A green vegetable diet was given on July 23, and for the days following 
this restriction of the diet to the bare maintenance requirement, with simul- 
taneous reduction of the protein intake to 12 gm , had no appreciable effect on 
the glycosuria 

For a period of seven days — from July 25 to 31 — 30 gm of glycerine were 
substituted for an equal weight of carbohydrate m the diet This caused a 
prompt cessation of acetonuria, which had existed prior to the substitution It 
had an interesting effect on the relationship of the calculated FA/G ratio to 
the disappearance of acetone from the urine, which it is well to discuss at 
this point 

The first qualitative test for acetone in the urine was obtained on July 18 
Prior to this date, the calculated FA/G ratios were all less than 15 On the 
eighteenth, the ratio was slightly more than 1 5 coincident with acetonuria 
The ratios increased considerably and then decreased to about 1 5 again, and 
acetonuria, as measured by qualitative tests, again decreased to a mere trace 
A trace of acetone continued to be excreted even when the FA/G ratio fell 
to 1 37 On the next day, when the substitution of glycerine was commenced, 
there was a sharp increase in the calculated FA/G ratio (2 2 — 2 5), with a coinci- 
dent disappearance of ketonuria This phenomenon is difficult to explain It 
seems probable that the ingested glycerine had produced an antiketogenic effect 
even though 40 to 45 per cent of its weight appeared in the urine as sugar 
After discontinuing the use of glycerine as a substitute for carbohydrate, a 
further great increase in the FA/G ratio was noted It is of interest to observe 
that there was a lag in the appearance of acetone bodies in the urine, none 
being present on August 1, when the ratio was 3 07 Such a ratio would indicate 
that two molecular proportions of diacetic acid had been completely oxidized 
in the presence m the metabolism of one molecular proportion of glucose 
Beyond August 3, the calculation of the amount of fat metabolized had not 
been carried out for the reason that the patient was no longer confined strictly 
to bed, making the total heat production impossible to estimate 

The patient continued under observation during seven weeks more The 
remainder of the metabolism chart will not be given in detail for the sake of 
brevity It may be summarized briefly The diet was kept at about 1,000 
calories, very low m protein Glycosuria and h 3 rpergl 3 ^cemia persisted through- 
out, and small amounts of acetone bodies were excreted 

From August 15 to 24, 30 gm of calcium hexose phosphate were ingested 
daily without any change for better or worse in sugar utilization 

At various times between August 25 and September 22 the patient was 
given injections of "Hetin” furnished by the Eli Lilly Company The prepara- 
tions of this substance obtainable at that time were of little potenev, so that 
no practical benefit was derived from the treatment 
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duction of 995 calories a day The basal requirement for the period of confine- 
ment to bed was estimated at 10 per cent above this figure, in round numbers 
1,100 calories 

Case 5 Histoiy — ^Auer, a schoolboy, aged 17 years, was admitted to the 
hospital on Oct 19, 1922, complaining of thirst, excessive urination and of 
feeling tired His family history was essentially negative His past history 
was negative, except that he had had whooping cough m infancy and two 
attacks of pneumonia, at the ages of 7 months and 7 years His health had 
been excellent in every ivay He had led the active outdoor life of a school- 
boy, participating in athletics until the onset of the present illness, which began 
three weeks prior to admission The onset was sudden, with excessive thirst 
and polyuria A week later the patient noted a feeling of weakness and tired 
easily His weight, which had been 126 pounds (5715 kg) decreased to 114 
pounds (51 71 kg ) in three w'eeks Sugar was found m the urine by his 
physician, who sent him at once to the hospital 

Physical Evaminaiton — The patient’s height w'as 171 cm, and he weighed 
50 kg He ivas a ruddy faced boy, tall, erect, but rather thin The examination 
revealed no abnormalities except extreme dr 3 'ness of the skin and diminished 
tendon reflexes, the knee jerks being absent The blood contained 5,800,000 red 
blood cells and 9,160 white blood cells There was 95 per cent of hemoglobin 
The Wassermann reaction was negative The blood sugar was 0 223 per cent, 
the carbon dioxid combining power 40 volumes per cent Urine Specific 
gravity, 1 055 , sugar, heavy reduction , a heavy trace of albumin , acetone and 
diacetic acid were present The course of illness under treatment can be out- 
lined best by reference to Table 12, in -which are given the data regarding diet 
and metabolism A graphic metabolism chart is shown in Chart 8 Reference 
to Table 12 shows that the FA/G ratio at the tnreshold of ketonuria indicated 
approximately the metabolism of two molecules of ketogens per molecule of 
antiketogen 

For the sake of brevity the portion of the chart bej'ond November 2 has 
been omitted, as the progress of the case is shown graphically m Chart 8 

The diet given on discharge from the hospital furnished nearly 2,000 calories 
The patient could live on this by restricting activity, but it w'as far below' that 
required by a normal boj of his age 

ANTIKETOGENESIS 

The calculations of the ratios of ketogenic to antiketogenic sub- 
stances in our series have all been based on the estimates of the amounts 
of the various foodstuffs oxidized each day So far as protein metab- 
olism IS concerned, the results are quite accurate It is highly probable 
that the difference between the amount of carbohydrate ingested and the 
amount excreted is oxidized, especially when the amount is small The 
most questionable calculation is that regarding the amount of fat oxi- 
dized, which depends for its reliability on the accuracy with which 
the total heat pioduction for the day is estimated In the cases in which 
the ketogenic balance have been determined, considerable effort was 
made to keep the energy expenditure as near to the measured basal heat 
production as possible The first four cases of this report were kept 
extremely quiet, and it is highly probable that the estimates of daily 
heat production (basal metabolism plus 10 per cent ) are within 100 
calories of the actual metabolism This would give an accuracy to the 
fat estimates of ± 10 gm a day 
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After leaving the hospital, the patient was again subjected to starvation bv 
his mother She was able to cause the disappearance of glycosuria by this 
method, but was unable to build the diet up to more than 700 calories a day 
It IS of interest to note that in the respiration experiments which were per- 
formed on this patient, the respiratory excliangc following the ingestion of 
glucose showed an approximate!}' normal rate of increase in respirator} 



Chart 8 (Case 5) — Aletabolism chart Black columns throughout repre- 
sent carbohydrate m grams utilized or excreted in the urine Protein metabo- 
lism in grams a day is shown by the cross hatched columns (urine nitrogen 
grams X 6 25) The fat oxidized dailj' is shown by the total height of the 
unshaded columns, in this case onlv the roughest estimate of fat vas possible 
because of the activity of the patient 

quotients These experiments were performed on Sept 5, 1922 They have 
been reported in the first paper of tins series “ The basal metabolism on this 
occasion was 16 per cent below the average noimal, giving a basal heat pro- 
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A comparison of the results of computing the ketogenic balance by 
means of Woodyatt’s factors or by those of Shaffer shows that 
the estimate of ketogenic substances is generally about 15 per cent 
higher when Shaffer’s factors are used The difference in the two 
methods is not sufficient to alter the general interpretation of the 
results (see the last three columns of Table 10) Woodyatt’s ratio 
is the ratio of the weights of ketogenic to antiketogenic materials It is 
leadily converted into a molecular ratio by dividing 1 5, so that it becomes 
fsG"’ approximately the same as K/Ac= 1/1 

A graphic illustration of the close parallelism between the FA/G 
ratios and the excretion of B-oxybutyric acid on corresponding days, 
m two patients, is given m Figures 4 and 7 In Figure 7, the ketonuria 
ceased sharply at the point at which the FA/G ratio — 1 5, correspond- 
ing to a molecular ratio of 1 1 In Figure 4, the ratio at which keto- 
nuria ceased is somewhat above this figure, FA/G — 2 0 or a molecular 
ratio of 1 3 1 

At the point of disappearance of ketonuria, the FA/G ratio is 
almost always close to 1 5 1 During the first admission of Walter A , 
Table 1, acetonuria ceased on January 4, when the FA/G ratio was 1 8, 
indicating a molecular ratio of 1 2 1 During the second admission 
of this patient (Table 3), ketonuria ceased when the FA/G ratio was 
19 In the case of Samuel P , ketonuria became negligible when the 
FA/G ratio was 1 5 (Table 6) Also m the case of Charles G 
(Table 9), the same ratio was obtained on the last days of ketonuria 

In the case of Howard M (Table 11), tests for acetone in the urine 
were negative prior to July 18 At the threshold of ketonuria in this 
case, the FA/G ratio changed from 1 2 on the seventeenth to 1 6 on the 
eighteenth At the point of disappearance of the ketonuria, a much 
higher ratio was found, FA/G = 2 5 On the recurrence of ketonuria, 
the FA/G ratio was slightly over 3 0, indicating the existence of a 
molecular ratio of K/A = 2 1 

The foregoing calculations of the ketogenic balance show that 
usually, but not always, the molecular ratio is 1 1 at the threshold 
When excessive ketogenesis exists, Shaffer “ found that predictions of 
the ketone excretion based on the equimolecular ratio were too high In 
Table 4 and Table 10 a calculation has been made of the ratio of 
molecules of completely oxidized ketogens to completely oxidized anti- 
ketogens In order to determine this relationship, the total ketone 
bodies excreted were taken as equal to the amount excreted in the 
urine plus 50 per cent to allow for excretion through the lungs” 
Since the determination of keto acid was expressed in terms of beta- 
oxybutyric acid, the weight of beta-oxybutyric acid divided by 0 104 
gives the number of millimols of ketogenic material excreted If the 
total number of ketogenic millimols (K) is known, and from this num- 
ber one subtracts the number of millimols excreted (E), the difference 
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about 40 per cent of the weight of glycerol ingested It is apparent 
that so fai as the lemaining 60 per cent of glycerol were oxidized, it 
would be available for antiketogenesis without increasing glycosuria 
or hyperglycemia The energy value of a gram of glycerol is 4 3 
calories, according to Emeiy and Benedict’" 

In a previous communication experiments were reported on the 
effects of glycerol on the respiratory exchange It was found that 
almost identical curves of changes in the respiration quotient were pro- 
duced by glycerol and glucose when compared m the same diabetic 
subject With normal subjects, ingestion of glycerol produced a fall m 
respiratory quotients It seems highly probable that glycerol may be 
oxidized m the body in large amounts This oxidation may proceed m 
stages as from glyceiol to glyceric aldehyde, so that the oxygen con- 
sumption in the early stages would outweigh the carbon dioxid produc- 
tion, resulting in lowei quotients than those to be expected from the 
complete immediate oxidation of glycerol 

One word of warning in regard to the use of glycerol must be given 
Some persons appear to be sensitive to glycerol, or to an impurity in it 
Vomiting and diarrhea occasionally occurred, and m some subjects urti- 
carial eruptions have been noted These undesirable effects are noted 
on the occasion of the first dose, if they are noted at all When they 
occur it IS not advisable to repeat the dose 

An important point in the therapy of diabetes is the control of the 
level of protein metabolism Carefully studied patients with complete 
diabetes (D N:=365) have almost always shown the disease in its 
maximum severity following a high protein-fat regimen In the present 
series, Case 4, Howard M , illustrates very well the unfavorable effect 
on the carbohydrate tolerance produced by raising the level of protein 
metabolism It is difficult to explain just how this unfavorable effect 
IS brought about In our larger series of cases, similar observations 
have been made again and again 

During diabetic acidosis the level of protein metabolism is invariably 
high It is rarely to be found to fuinish more than 30 per cent of 
the total numbei of calories, even in severe acidosis In the case of 
Walter A (Table 1), Dec 18, 1921, the calories derived from protein 
would have been about 45 per cent of the total heat production were 
none of the heat of protein lost, the highest percentage of protein 
metabolism observed in the entire senes As acetonuria diminishes and 
more calories are obtained from carbohydrate and from the more com- 
pletely oxidized fat, protein metabolism diminishes It has been the 
practice in this clinic to make the proportion of protein calories to total 
calories quite low m the initial diets (5 to 10 per cent ) When the 

27 Emery and Benedict Am J Physiol 28 301, 1911 These authors give 
a heat value of 4,323 calories per gram for pure glycerol 
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(K') represents the number of millimols of ketogens completely oxi- 
dized In the case of Walter A (Table 4), K'/A ranged in value from 
0 9 to 2 5, and m the case of Charles G (Table 8), K'/A varied from 
0 9 to 18 Even at the point of disappearance of ketonuria in the case 
of Walter A (Table 4), the ratio of K'/A was 17 1 

iccsuLTs or dii:t ]u:gulation 

The plan has been to covei the maintenance requirement of every 
patient with a diet low m protein, at first, containing the proportion of 
at least one molecule of antiketogenic substance to each molecule of 
ketogemc substance m the diet Four of the live patients described in 
this report have shown rapid and marked improvement The failure 
of one case m five represents an unduly high proportion of failures to 
the total number of cases treated in this way (about 100 cases) A sep- 
arate report of the whole senes will be made, which will give an idea of 
the general results achieved 

Regarding Case 4, m which treatment by this method was unsuc- 
cessful, It was recognized from his previous history and from his record 
after leaving this clinic that he could ha% e been rendered sugar free bv 
starvation It was never possible to keep him sugar free on a mainte- 
nance diet The patient was already in such an emaciated condition 
and m such constant suffering from hunger that it was not believed to 
be justifiable to increase his suffering by a futile starvation treatment 
Specific insulin therapy need not be further discussed m this case than 
to state that the insulin at that time was not potent in the amounts 
available 

There were several temporary departures from the general plan of 
treatment in these cases Days on which only green vegetables were 
eaten were occasionally interpolated and were usually found to hasten 
the cessation of glycosuria In diabetic patients who were overweight 
it was sometimes found to be advantageous to furnish only the protein 
and carbohydrate in the amounts calculated for a maintenance diet, 
causing the patient to burn body fat Reduction in weight in this way 
is easy and beneficial Of our present series of five cases, none of the 
patients was overweight, so that this procedure ivill be best illustrated 
in a report of the whole series 

The substitution of an equal amount of glycerol for the calculated 
amount of carbohydrate in the diet is often of value in reducing glyco- 
suria, and especially in reducing ketonuria Such a result is well illus- 
trated in Case 3, Charles G Cremer studied the conversion of 
glycerol into sugar In his experiments on phlorrhizinized dogs the sugar 
excreted in excess of the maximum D N ratio of 3 65 represented only 

26 Cremer, C G Physiologie des Glycogens, Ergebn d Physiol 1 
1902 The work of Kulz and von Menng is quoted and an extensive bibliography 
IS given 



SOME INTERESTING CASES OF CALCAREOUS 
DEGENERATION FOUND IN TFIE THORAX 

J S PRITCHARD, MD 

iJArrLL ciu Uv, MICH 

Befoie consideiing ihc following cases of calcaieoiis degeneidlion 
found in the thoiacic legion, a biief levicvv of the subject seems 
advisable The chemical, physical and clinical evidences of pathologic 
calcifications have been noted fiom time to time foi many years, 
inteiesting cases have been icported in the liteiature and important 
ticatises written legaiding cause and effect 

Aristotle and Gahen ' mentioned cases of “stone m the lung’' 
in then lecoids Sommeiing“ m 1769 wiotc of a case of pulmonary 
calcification which he considcied as a secondaiy manifestation (meta- 
stasis) In 1824, Rulliei ’ rcpoitcd a case of piimaiy calcification 
of a light uppei lung in which a great numbei of calcified fiagments 
weic found Fuihmann ' thought that the deposition of calcium salts 
might follow any chionic nutation of the body tissues, and that this 
explanation accounted foi “exeicise bone” (calcium formation in 
deltoid muscle) and “the iideis’ bones,” which pioved to be calcium 
deposits in the adductoi muscles of the thigh of peisons subjected 
to piolonged nutation due to hoiseback iiding Yeais ago Morton" 
found a special type of consumption which he termed “stony phthisis” 
on account of the fiequent occuiience of stonelike deposits in the 
expcctoiation of a patient suffeiing fiom the pulmonaiy foim of 
the disease In 1858, Vnehow wiote extensively on this subject and 
dcsciibcd neciopsy evidence of calcium deposits in the lungs, stomach, 
kidneys, intestines and blood vessels 

Two types of calcification have been desciibed, the moibid, which 
follows definite pathologic changes, and the type which might be 
teimed physiologic and which we often find .nnong the manifesta- 
tions of senility 

The cause of calcaicous degeneiation has been the subject of 
much splendid expeiimental investigation, and in summaiizmg the 
piobable factois one is impiessed by the fact that no specific cause 
can account foi this foim of degeneration, that a numbei of condi- 

1 Aristotle and Galicn, quoted by Fiozzi, F Sopia un caso di calcalosi 
pulmonale, Ga// mod dc Roniii 38 562, 1912 

2 Sommcring, quoted by Osslan, R Contributo all studio dell’ ossip- 
Cci/ionc del pulmone, Riv osp , 1915, p 111-357 

5 Rulhei, quoted by Osslan. R Footnote 2 

4 Fiubmann Ucbci cincr Fall von pleuritis calculosa, Muneben, 1908 

5 Morton, quoted by Fiorzi, F Footnote 1 
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patient’s proteut metabolism has reached its minimum, the protein of 
the food should be increased slowly to attempt to establish nitrogen 
balance at as low a level as possible (15 per cent of the total number of 
calones or less) 

By the use of the methods of diet adjustment illustrated in the pre- 
ceding five cases, it has been found possible to render the vast majority 
of diabetic patients sugar free without reducing the diet below the main- 
tenance requirement The disappearance of sugar from the urine is 
not so rapidly accomplished as by the use of starvation However, it 
is believed that if one takes into account the time required m slow 
building up of the diet after starvation, that time is saved in getting 
patients to utilize adequate diets Not only is time saved, but much 
suffering on the part of the patient is avoided 

Some patients cannot l^e rendered free from glycosuria by these 
methods With such patients, diet restriction is futile in the absence 
of other means of increasing carbohydrate utilization Fortunately, the 
means of accomplishing this are at hand in insulin Case I received 
treatment with insulin for a shoit time 

Discussion of the therapeutic use of insulin will be reserved for a 
later publication In the series of insulin treated cases the diets were 
adjusted in the manner described here, so that the patients of this series 
will serve to a certain extent as controls to those of the insulin series 

SUMMARV AND CONCLUSIONS 

1 Calculations of the ketogemc-antiketogemc balance from the food- 
stuffs actually metabolized in diabetic subjects show that a maximum of 
one molecule of antiketogenic substance is required for the complete 
oxidation of one molecule of ketogenic substance Frequently less than 
one molecule of antiketogens will suffice 

2 The records of five patients serve to illustrate both successes and 
failures of a method of diet adjustment, the aim of which was to afford 
each patient (a) at least enough calories to cover the maintenance 
requirement for rest in bed (basal metabolism plus 10 per cent ) , (&) fo 
reduce the level of protein metabolism by means of a low protein intake, 
(c) to give the foodstuffs in such proportions that at least one molecule 
of antiketogenic substance will be available for every molecule of 
ketogen formed 

3 The substitution of gly'^cerol for carbohy'^drate is a successful 
means of combating ketosis in certain cases 

4 The improvement noted m patients to whose diet calcium and 
phosphorus were added (as Ca 3 [P 04 ] 2 , calcium hexose phosphate, and 
calcium glycerophosphate) is not attributed to the effect of this addition 
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Important studies legarding etiolog)^ were made by Heller and 
Stade “ who, however, reached no final verdict from the considera- 
tion of many cases fiom the standpoint of occupation, age and sex, 
chemical studies as well, failed to reveal anything definite which could be 
regal ded as a piobable cause Aschoff believed that some oiganic 
substances like hyalin or fibrin had an affinity for calcium and that 
the piesence of these was necessary for the early formation of calcifi- 
cation 

Gideon Wells published seveial articles on this phenomenon, 
and his splendid Harvey lecture is a most complete essay on research 
111 this field Among many impoitant conclusions he showed that the 
deposits of lime salts weie similar in physiologic and pathologic 
processes, and that frank calcification might occur in the absence of a 
definable pathologic etiology He concluded that the process was 
possibly a calcification of piotein substances which have an elective 
choice for lime salts and that such a phenomenon was not a chemical 
leaction He also showed cleaily that such changes were found m 
iickets, osteomalacia and osteopoi osis , thus the chemical and the 
physical behavior of calcification aie important m the solution of ques- 
tions pertaining to regeneration and repaii of bone Wells emphasized 
the distinction between calcification and ossification, and latei showed 
that a soft, foieign substance, like gelatin, would cause the precipita- 
tion of lime salts 

Von Kossa^'^ believed that a diet iich in calcium should be con- 
sidered as a cause of calcification and proved by animal expeiiment‘> 
that food iich in lime caused calcium deposits in the kidneys of the 
treated animal 

Hueck who has studied this subject extensively, stated that 
his obseivations led him to conclude that calcification is not connected 
with any paiticulai piocess oi disease 

Metastatic calcification occurs in many instances Askanazy 
reported that twenty-nine cases in the literature show calcium deposits 
in healthy tissue of the lungs, kidneys or gastro-intestinal tract Of 

11 Heller and Stade, quoted by Hueck Ccntralbl f allg Path u path 
Anat 24 4 

12 Aschoff, quoted by Hueck Footnote 11 

13 Wells, H G Calcification and Ossification, Arch Int Med 7 72 (June) 
1911 

14 Von Kossa Uebei die iin Organismus kunstlicherzcugten Verkalkung, 
Beitr z path Anat u z allg Path 29 163 1901 

15 Hueck Ueber Verkalkung von Alvcolai epitbelien Centralbl f allg 

Path u path Anat 24 4, 1913 , , t n- r. 

16 Askanazy Beitrage zu Knocherpathologie Fcstschr f Jaffc, Burns 

wick, 1901 
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tions are accountable for abnormal calcareous deposits in the various 
body tissues is apparent The most striking conclusion concerning 
the etiology of this phenomenon is that any chronic irritation, either 
chemical, mechanical or infectious, may cause a pathologic calcareous 
degeneration of the tissues involved Necrosis and suppuration are 
a common predisposing factor m deposits of calcium salts, especially 
in the pleura 

Virchow thought that the phenomenon of calcification was due 
to a superabundance of calcium salts in the blood and that inadequate 
kidney elimination might also he a causative factor, as many of his 
cases were associated with advanced renal disease Viichow' believed, 
too, that the deposits occurred more frequentl} in organs rich in blood 
supply, he also made the inteiesting, and since proved accurate, obser- 
vation that many cases of pulmonai}' calcification were associated wnth 
destructive hone lesions 

Chian,® a few' years after Virchow' made his observations, found 
extensive lime deposits in the lungs w'lthout ain changes in the osseous 
structures Kischenski " came to similar conclusions later In the 
late seventies Litten advanced the theory that, in the formation of 
calcareous deposits in the kidneys, one or moie iriitants acted on 
certain tissues, like the tubules, and caused an indiiiation of the 
epithelium follow'ed by a degeneiation of the protoplasm This affected 
area had an affinit} for lime salts earned to it by the blood and Ivmph 

By experiments on animals, Leik ® show ed that the amount and 
velocity of the blood supply to the tissues had some bearing on 
the subject of calcification , he also demonstrated that it w'as possible 
to obtain bone formation m the pelvis of the kidney m a rabbit by 
ligating the renal artery, the calcification occurring m the kidney from 
sixteen to twenty days later He wrapped the kidney w'lth omentum 
and thus established a collateial ciiculation, if this w'eie not done, 
three months’ time w'as requiied to pioduce calcification In other 
w'ords, change m the amount, force or rate of flow' of blood supplied 
to the part w'as a causative factor m calcareous degeneration Von 
Recklinghausen^® also show'ed that calcification occuned in tissues 
poor in blood suppl}' and that this process could proceed w'hen the 
calcium content of the blood Avas normal 

6 Chian Wien med Wclinschr 1 , 1878 

7 Kischenski Ueber Kalkablagerung in den Lungen und im Magen 
Med Oborcye, Dez, 1900 

8 Litten Ztschr f klin Med 1879 

^ Leik Heteroplastische Knochenbildung in Nieren, Arch f klin Clnr 
85 118, 1908 

10 Von Recklinghausen quoted by Klotz Exper , 1905, p 633 
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By injecting meicunc chloricl into the kidney siilislance of a 
labbit, Tartaiini-Galleani produced a lesion wliicb sboned signs 
of calcification aftei undergoing fibiosis and necrosis 

Dnlomum pulmonale has been described as a cause of pulnionaiy 
calcification by Koeblei 

Hess-" points out that hygienic sunoundings plus the addition of 
sunlight and fiesh an, as well as diet, are important influences in 
the pievention and cure of rickets The production of rickets in mice 
thiough a deficient supply of actinic lays suggests the piesence of the 
definite influence of sunshine on the piocess of calcification 

In summaiizing the evidence as to the cause of calcaieous degeneia- 
tion, the following points may leasonably be consideied as having some 
etiologic bearing 

1 Any iiiitant to the tissues, either mechanical, chemical oi infec- 
tious, the lattei being a most important factoi in the cases pieseiited 
in this aiticle 

2 Any condition which loweis the vitality of the organism 

3 Changes m the composition, velocity oi volume of the blood 

4 Intel fei ence with the general or local nutrition 

5 The questionable eftect of blood and tissue chemistry 

6 Poor assimilation oi deficient metabolism of the involved tissues 

7 Constitutional conditions affecting the general metabolism 

8 Any disease of the osseous system which may cause the libera- 
tion of lime salts 

9 Alterations in the tissues which cause retention of chronic irri- 
tants, such as necrosis, suppurations, chronic inflammatory changes or 
traumatism 

10 Special selective powei of certain tissues for lime salts 

1 1 The effect of sunlight on the body tissues and metabolism The 
production of tickets in mice through deficient supply of actinic rays 
suggests the piesence of a definite influence of sunlight on the process 
of calcification 

12 Vasomotor disturbances 

13 Possible influences of endocrine derangements 

14 Variations in the caibon dioxid blood content 

15 Hemorihage into the tissues 

25 Tartanni-Galleani Spennientalc 58 371, 190-1 

26 Koehler, Alban Grenzen des normalen und Anfaenge des pathologischen 
in Roentgenbilde, Ed 3, p 131 

27 Hess, A F Newer Aspects of the Rickets Problem, T A kl A 78 
1177 (April 22) 1922 
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this number, all but four cases showed definite destructive bone 
disease ' 

Hofmeistei and Tanaka caused extensive calcium metastases in 
the lungs, stomachs and kidneys of rabbits by intraperitoneal injec- 
tions of soluble calcium salts These authors called attention to the 
fact that the organs in which the metastases occurred were also 
the chief organs Mdiich excrete acid Kalase made similar experi- 
ments and came to the same conclusions concerning the metastases in 
the kidneys, lungs and stomach caused by intrapeiitoneal injections of 
soluble calcium salts 

The idea that some endocrine disturbance might be of etiologic 
significance was propounded by Haibitz’" He mentions two kinds 
of pulmonary calcification , the type following bone lesions (metastasis) 
and a primary variety not associated with any osseous degeneration 

An interesting case of pulmonary calcium metastasis is reported 
by A W Crane-” Heie the lung cakification was the remote result 
of a primary carcinoma of the prostate with malignant metastasis 
m the pelvic bones The disintegration of the pelvic osseous tissue 
liberated lime salts, wduch m turn foimed a calcium metastasis through- 
out both lungs 

Deficient nutiition of the tissues was also showm by Borst"^ to 
result m the deposit of calcium, and this w'as increased wdien the 
tissues w ere deficient in eliminative pow ei s 

Von Weira"- made an impoitant contiibution to the subject wdien 
he show'ed that expei imentally produced calcium m the kidneys of 
rabbits w'as sometimes leabsoibed in a few' w'eeks Maximow proved 
that such deposits may last a year and then disappear e^en after 
secondary ossification has taken place This brings up the question 
as to wdiether oi not m our clinical observations we are justified m 
always considering localized concretions as obsolete Dunham found 
that calcified nodules in the lung roots may possess definite caseous 
centers and that for this reason such pathologic changes should not 
always be considered as evidence of an obsolete tubeiculosis 

17 Hofineister and Tanaka, quoted b\ Wells Footnote 13 

18 Kalase Beitr path Anat u z allg Path 7 516 1914 

19 Harbitz, Francis Extensive Calcification of the Lungs as a Distinct 
Disease, Arch Int Med 21 139 (Jan ) 1918 

20 Crane, A W Pulmonary Metastasis, Am J Roentgenol 5 479, 1918 

21 Borst Die Lehre von den Geschwulsten, vol 1 

22 Von Werra Ueber die Folgen des vorubergehende und dauernden 
Verschlusses der Nierenarterie, Virchows Arch f path Anat 88 197, 1882 

23 Maximow Ueber experimentelle Erzeugung von Knoebemarkgewebe 
Anat Anz 28 609, 1906 

24 Dunham Wisconsin State M J, July, 1921 
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The ribs and costal cartilagjes have long been the subject of 
consideiable comment Calcification of any or all of these has been 
often mentioned as a suggestive sign of eaily pulmonary tuberculosis 
and has also been considered as evidence of a piedisposition to the 
disease Mai tins and Lorey believe that the phthisical chest form 
characteiized by the long, flat and slender thorax and the steeply 
descending iibs, togethei with an ossification of the first rib, is bj 
no means laie in the tuberculous Freund, about fifty years prior 
to this, called attention to the narrowing of the thoiacic inlet and 
Its piobable association with tuberculosis 

At the Battle Creek Sanitarium Clinic, the authoi has attempted 
to make a study of calcification of the thoracic cage In a series 
of over 7,000 cases the following has been the loutine piocednre At 
the time of the physical examination of the chest a careful history 
was taken, the laboratory findings included a Wassermann test, in 
each case stereoscopic chest plates were secured, which were inter- 
pieted by the wiiter in conjunction with the clinical study, the final 
opinion was based on a summary of the whole investigation In this 
way an opportunity was presented for the study of a large number 
of loentgen-ray stereoscopic photogiaphs of the chest, nevertheless, it is 
with considerable hesitancy that any opinion is offered concerning the 
significance of calcium deposits m the iibs, cartilages or sternum 

From the foregoing study, howevei, a few points piesent them- 
selves which may«be of some importance Fust, the numbei of cases 
with fiank lesions in the upper portion of the lungs, active or inactue, 
which show no definite sign of calcification in the thoiacic cage is 
lemaikable Second, extensive calcification of the ribs or cartilages 
occurs frequently without any pulmonaiy disease Third, the long, 
thin, flat, narrow thorax may be more prone to calcification of the 
upper anterioi part, but in my series I have found a consideiable 
number of calcified deposits in all forms and types of the adult thorax 
In gastiic calcification, Hofmeistei showed that the mtergland- 
Lilar tissue m the upper pait of the fundus was the usual location, and 
he emphasized the fact that the acid secreting glands were also 
situated in this region 

The pleuia is not an uncommon seat of frank calcareous deposits, 
and It is not difficult to find many references on this in the literature 
Empyema, extensive and localized, is perhaps the most important cause , 
as a rule, these deposits take the form of plaques or platelets The 
lower half of the pleural cavity is the moie common location when the 

33 Martins, F , and Lorey, Alev , in Brauer, Schroder, Blumenfeldt Hand- 
buch der Tuberculose 1 , p 726 

34 Hofmeister Ergebn d Physiol 9 429, 1910 
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16 Factors influencing osmosis 

17 After all theories have been propounded, theie still remain 
a goodly number of cases of calcareous degeneration unexplained 
from the etiologic standpoint 

Few, if any, types of body tissues are immune to calcareous degen- 
eration After a careful study of the liteiature, the writer concluded 
that the peritoneum was perhaps one of the tissues least affected 

Chian found calcareous deposits in the ampulla of the spermatic 
cord and in the parietal lobe of the brain Paton reported a case 
of extensive calcification lining the walls of a necrosed mass between 
the pleura and the pericardium in a man 70 years of age Heuer-® 
described an unusual case of a laige triangular mass in the right pleural 
cavity of a patient aged 53 The base of this mass rested on the 
diaphiagm, and the walls contained extensive shell-hke calcareous 
plates , the contents were air and fluid Pathologic examination gave 
no specific infoimation except that it was a calcified mass 

L E Brown records two interesting cases of lung stones and 
considered that it was a question whether oi not pneumoliths, bron- 
chohths or lung stones were a clinical entity He emphasized the 
importance of the bronchoscope and roentgen ray in diagnosis Frozzi ^ 
cites a case of lung stone m an Italian girl aged 18 He could not 
agree wnth Galhppe or Rosenberg in their theory on etiology (salivary 
Iithiasis) Helbig^° concluded that lung stone w^as a comparatively 
rare disease, and up to the time of his publication found few' cases 
reported in the literature 

Canio desciibed a case of pulmonary calcification wdiich came to 
necropsy as the result of a chronic dysentery This is of interest 
on account of a similar case reported in this aiticle, m wdiich an 
extensive pulmonaiy calcification w'as associated wnth diarrhea 
Kochel made a study of the pulmonaiy tissue involved in this 
phenomenon and concluded that the alveolar epithelium w'as free 
from deposits 

The more frequent locations in wdnch lime deposits make their 
appearance aie undoubtedly the lungs, pleuia, gastric and intestinal 
regions, the blood vessels, glands, joints, tendons, cartilages and bursae 
The peritoneum is perhaps less frequently affected 

28 Heuer Bull Johns Hopkins Hosp , April, 1917, p 153 

29 Brown, L E Pneumoliths and reports of Cases, Cleveland M J 
16 21. 1917 

30 Helbig, M Munchen med Wchnschr , October, 1916 

31 Canio, J Analyze chemique de deux calcules pulmonaire trouve a 
I’autopsie d’un inalade mort de dysenteric chronic, Rev med d’Afrique du Nor 
7 61, 1904 

32 Kochel Ueber Kalkinkrustation des Lungengewebes, Deutsch Arch f 
klin Med 64 , 1899 
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process underlying calcification In a splendid experimental stud}, he 
showed that this process was, m all instances, preceded by the deposit 
of a soapy matenal which existed in the chronically inflamed tissues 
This substance seemed to act as an attraction foi the ultimate deposit 
of lime salts, and as the latter increased the former disappeared 

Wells quotes the interesting theory advanced by Murray and Ii\- 
mg concerning the lime formations in coral reefs, the hypothesis 
being that the calcium is formed by the action of the sea water, which 
contains soluble calcium sulphate and ammonia caibonate The latter 



Fig 1 (Case 1)— Numerous “lung stones” varying in size from that of 
grams of sand to that of large peas, have been expectorated on five different 
occasions After this occurrence, the mass disappears until a redeposit of lime 
salts occurs in the glandular tissue 

was formed by the metabolism of animal life causing a precipitation 
of the calcium carbonate Brown’s chemical analysis of the pneumo- 
hths found m his cases shows about the average proportion of phos- 
phate and carbonate as compared with many other estimates Chemic- 
ally these concretions were found to contain the following proportions 
of the ingredients calcium phosphate, 156, calcium carbonate, 0 39, 
magnesium carbonate, 0 05 , and soluble fats, 0 06 


48 Proc of Roy Soc Edinburgh 17 79, 1889 
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pathologic process is extensive, small plaques are found in the middle 
third of the horizontal plane, while apical patches are not so common 
except when associated with pulmonary calcification The clinical his- 
tory of the case suggests that most of the pleural calcifications are 
probably not due to the action of the tubercle bacilli In most cases 
found in my work, no history of present or past tuberculosis could be 
elicited, but a definite period of illness associated with what the patient 
called pleurisy, lung fever or pneumonia was usually admitted — sug- 
gesting a nontuberculous infection Since 1800, the literatuie mentions 
many authors who described pleural calcification Those cases described 
before the advent of the roentgen ray were, in most instances, men- 
tioned in necropsy reports, death being due to other causes The 
roentgen ray has led to an increase m the number of such cases 
reported 

Among the many authors who have written on the subject of 
calcium deposits in the pleura, I shall call attention to a few of the 
more recent, such as Courmont and Tixier,’’"' Gabszewicz,^*'’ Todaro,®' 
Sweet,^® Goulhond,'*" West,^*’ I-Iuguem,^^ D’Agata 

The composition of calcareous deposits, especially those found in 
the glands and arteries, was described by Moore and Williams and 
the various forms of calcification and ossification were discussed by 
Moschowitz in 1913 Posharissky found that in twenty-eight 
cases of lung concretions there was evidence of ossification in seven- 
teen, or 60 per cent , while Darbois thought that the tubercle bacillus 
was the cause of most pulmonary concretions Kochel found it diffi- 
cult to establish the lime content of some protein combinations, such 
as the products of healthy coagulation and hyaline tissue 

Klotz states that, Avhile much has been written on this type 
of degeneration, little has been ventured in the explanation of the 

35 Courmont, J, and Tixicr Lyon mcd 103 46, 1904 

36 Gabszewicz Calcification of Pleura, Gaz Ick 26 121, 1906 

37 Todaro, N Calcificazioni pluralc come esoto do pleurite, Cronica sup- 
purativa comire San Milano, 19 369, 190S 

38 Sweet, W S Calcification of the Pleura and Empyema, Brit M J 
17, 1911 

39 Goulliond Resection d’une large plaque calcaire d’origme pleurale, 
Lyon med 107 350, 1906 

40 West, Samuel Tr Clin Soc London, 39 42, 1906 

41 Huguem Etude anatomique des inflammations chronique des sersuses 
et de leur effet sur les organes qu’elles rccouvrcbt, Geneve, 1903, p 47 

42 D’Agata, G Empyema chronica con calcificazione pleurale, C m 
Milano, 23 24, 1915 

43 Moore and Williams Liverpool M Clin 27 157, 1912 

44 Moschowitz Proc New York Path Soc 13 19, 1913 

45 Poshanssky Beitr z path Anat u z allg Path 38 135, 1905 

46 Darbois, P Les calcifications pleura-pulmonaires, Bull et mem 

radiol med de France 6 60, 1914 

47 Klotz, Oskar J Exper Med 1905, p 633 
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the value of this method m locating concretions in the lungs, as the 
roentgen-ray examination was the only method uhich reiealed such a 
pathologic condition m the three cases cited by him 

Few symptoms occur m the pathologic formation of lime salts 
Osslan - points out that calcification and ossification fiequentl} occur 
in the pulmonai> substance without causing an} clinical manifestations 
Brown called attention to the fact that the foreign bod\ action of 



Fig 3 (Case 3) —The same solid glandular formation in the upper right 
lung root as seen m Figure 2 There was no history of aip past respiratory 
disturbance whicli could account for this condition 


pneumoliths must be considered when the s}mptomology is considered 
The concietions torin eiosions of the bronchi and lung tissue, and the 
organized infections or abscesses tvhich follow cause the characteristic 
symptoms of a foreign bodj 1 he clinical symptoms, then, depend 
on the mechanical behavior of the concretions, the possibiht} of asso- 
ciated infection, their size and location, v hether loose or impacted 
In similar lung or pletual aftections, the plnsical findings vary 
according to the amount and t}pe of the original pathologic process 
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The diagnosis of pathologic deposit of calcium was seldom made 
before necropsy, prioi to the advent of the loentgen rays Occasionally, 
the grating of a knife or needle coming into contact with a 
calcified area is the first intimation of the possible existence of such a 
condition The histoiy of some past chronic inflammatory process, 
especially when accompanied h} tissue destruction and necrosis, sug- 



Fig 2 (Case 2) — Calcified bronchial gland In this case there was no 
history of “lung stones ” 


gests the possibility of some deposits of calcium This is most reason- 
ably assumed in pleural and pulmonary affections 

Roentgenology has proved the most impoitant help m the diagnosis 
of this process The dense, hard, concrete, clean-cut shadow caused 
by this particular formation is chai actenstic Infioit'*® emphasized 

49 Infroit Concretions calcaries du pumon simulant a la radiographiedes 
eclats d’obus, Bull et mem Soc anat de Pans 89 337, 1919 
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attacks of cough and slight fever accompanied bj expectoration of numerous 
grave -like substances which proved to be lime salts deposits These deposits 
varied in size from that of fine sand to that of large peas During the interval 
between the attacks, which seldom lasted more than a week, the patient \\as 
troubled with a slight bronchitis She was sent to me during one of these 
attacks, and the following notations were made 

There was definite goiter of long standing, but no evidence of h 3 'per- 
thyroidism , the basal metabolism was plus 6 , nutrition and development were 
normal She had a severe cough followed b}’^ the expulsion at intervals of 
small calcareous granules, irregular in formation There \vere no acid-fast 



Fig 5 (Case 5) —An extensive calcification of the right pleura showing a 
definite compression of the lung tissue The patient was 83 I'ears of age and 
gave a history of pneumonia and empyema lift} -nine years ago He has 
enjoyed reasonably good health ever since 


bacilli m the sputum There was slightly impaired resonance over each lung 
root in front, with increased intensified voice sounds and a feiv fine rales in 

the left mterscapular region i i, 

The stereoroentgenograms (Fig 1) showed a peculiar round, mulberry- 
shaped shadow below the inner half of the right clavicle in the upper lung 
root zone The contents suggested an irregular mass of calcareous degenera- 
tion The mass had the appearance of a large calcareous gland ''l”ch ^com- 
municated with some of the larger bronchi and was the source of the lung 
stones” expectorated at intenals 
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The breath sounds and peicussion note may l^e altered, as we find in any 
fibrosis This may oi ma} not be associated with a sign of a chronic 
bionchitis The physical findings seldom gi\e us much information in 
the diagnosis of calcium concretions in the chest The deposit of lime 
salts IS not necessai ily a pai t of a healing or healed process 



Fig 4 (Case 4) — An extensive calcification of the right pleura extending 
from the second rib in front to the base and horizontally to the posterior 
axillary line There are definite calcium deposits in the upper part of each 
lung This patient expectorated more than fort}' small irregular calcium con- 
cretions during a recent attack of bronchitis 

REPORT OF CASES 

Case 1 — Miss K , 38 years old, a graduate nurse, gave a history of question- 
able typhoid at the age of 25 years, and, for the last six years intermittent 
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Case 3 Mrs U W, shown m Figure 3, had practicalh the same t\pc of 
case as the patient in Case 2 There were no respirator} sjmptoms and no 
history of any past respirator} disturbances, the patient was in normal health, 
and the enlarged calcareous glandular mass caused no symptoms 

Case 4 Mrs C J was referred to my medical duision wnth the following 
history At the age of IS she had an attack of wliat w'as called typhoid, 
although no abdominal symptoms w'ere present, no other similar cases 
occurred in the neighborhood at the time This attack w'as followed b% some 
acute respiratory symptoms, wnth fever and pain in the low'er right thorax 
Since then she had not been strong and had taken good care of herself, think- 
ing she had w^eak lungs, although physicians would not say she had tuberculosis 


\ 



Fig 7 (Case 6) — This illustration show's the bullet lodged in the muscles 
of the posterior abdominal region of the right side 


Recently a slight dyspnea and a wheezing within the chest had been fre- 
quent and disturbing symptoms The patient had seldom been free from a 
slight cough and expectoration, but tubercle bacilli had never been found in 
the sputum 

Examination showed a slightly enlarged thyroid no tremor, she was fairly 
well nourished, the right clavicle was prominent, there was extreme retraction 
of the entire right thorax with immobility, Kronig’s isthmus was nearly 
obliterated, there w'as decreased resonance over the lower two thirds of the 
right thorax, associated w'lth feeble breath sounds and increased whispered \oicc 
sounds harsh breath sounds were found below' the left clavicle 

The’ stereoroentgenograms of the chest (Fig 4) revealed a definite retraction 
of the right thorax, intensified at the base, and an extensive thickening of the 
pleura with the density tvpical of calcareous degeneration This thickness 
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It IS now eight years since we made this examination, and since then we 
have repeated the investigation each year, sometimes three and four times a 
j-^ear Manj stereoroentgenograms of the chest were secured and they have 
shown this gland or sac entirely empty on one occasion , other times, at varying 
degrees of fulness, from a few pebbles to the completely filled sac, such as is 
shown in Figure 1 The patient has continued her \ocation during these 
years, and, except for an occasional attack of “lung stones,” has enjoyed good 
health It has ne\cr been proved that the patient had a manifest pulmonary 
tuberculosis, although it is reasonable to bclic\c that a tuberculous bronchial 
adenitis was the initial cause of the subsequent calcareous degeneration 



Fig 6 (Case 6) — The shadow in the right thorax is an organized mass 
(probably an organized hematoma) with a shell of calcareous deposits Tw'elve 
years ago, the patient was accidentally shot m the right clavicle The bullet 
traveled downward traversing the pleura and lodging below the right diaphragm 

Case 2 — Mrs M W, aged 49, had a severe bronchitis three j^ears ago She 
has no present respiratory symptoms 

Both physical and fluoroscopic examinations ivere negative The stereo 
roentgenograms (Fig 2) show'ed a shadow^ similar to that described in Case 1 
(Fig 1), characteristic of a calcareous mass the size of a -walnut and corre- 
sponding in position to a bronchial gland (Fig 2) In this case, unlike Case > 
there was no history of the expectoration of “lung stones ” Four years later 
this patient was reexamined and similar findings were noted 
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The diagnosis was obsolete pulmonary tuberculosis, i\ith cxtensne cal- 
Cl ca ion o tie right pleura and some calcareous degeneration in both upper 
pulmonary lobes 

^ on account of a cough which had 

roubled him for three winters, but which disappeared during the summer 
months A small amount of mucoid sputum accompanied the cough , 
yspn^ea was not a prominent symptom, considering the patient's age No 
acid-fast bacilli were found on frequent examinations of the sputum 



Fig 9 (Case 8) — This illustration shows an extensive calcified pleura in 
the form of a shell encasing the right lung This patient had a severe and 
prolonged attack of pleurisy at the corresponding base forty jears ago— a 
probable empyema following aspiration as the patient ivas confined to bed for 
four months following the latter 

The physical examination of the chest showed immobility of the right lower 
thorax and decidedly impaired resonance over the lower two thirds of the 
right lung Auscultatory sounds were absent at the base, front and back, 
there were feeble breath sounds above the serenth rib in the back and the 
third nb m front, also a few fine rales at the base of the left lung m the 
axillary region 

In the stereoroentgeiiograms of the chest (Fig 5), a dense shadow was 
seen over the lower two thirds of the right lung, characteristic of a massne 
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began at the second nb in front and extended as low as the sixth, it was about 
4 inches (1016 cm ) w'lde and held the lung in slight collapse In the upper 
third of both lungs, there were some large calcareous deposits the size of beans 
The right oblique chest plate showed no abnormal thickness or widening of 
the descending aorta 

The patient was referred to me two months later on account of severe cough 
and expectoration, the latter containing “lung stones” varjing in size from 
small shot to a small pea, irregular in shape and rough in contour This 
attack lasted three or four days, and during this time between forty and fifty 
of these calcareous substances were expectorated On analysis, calcium car- 



Fig 8 (Case 7) — ^The left lung is partially collapsed, and the pleura shovvs 
a dense fibrocalcareous thickening extending from the clavicle to the base 1 ^ 
patient sought advice on account of hypertension There were no respiratory 
symptoms A severe pleurisy in childhood was the onlj'^ serious illness com- 
plained of 

bonate prov'ed to be the chief ingredient, w'lth about 6 per cent organic matter 
probably dried mucus There were 9 3 gm of blood calcium in 100 c c o 
blood The Wassermann test was negative The mtracutaneous tubercu m 
test gave a moderate reaction in twenty-four hours A ph 3 ^sical examination 
of the chest at this time revealed manv medium sized rales, increased on coughing 
under the right clavicle to the fourth rib, m the suprascapular region, a simi at 
condition was found on auscultation It is our opinion that the disintegration 
of calcium deposits comes from the right thorax on account of the definite 
changes m the ph 3 'sical findings m two months’ time 
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trouble, but recovered and has had no recurrence since He sought treatment 
for gastrointestinal distuibances 

The physical examination of the chest revealed dulncss from the cla\ iclc 
to the base m the front of the right lung Feeble breath sounds \scre present 
over the lower two thirds of the lung in the back Stercoroentgenograms 
showed an extensive mass filling the pleural cavitj', with a distinct calcified 
shell surrounding the mass (Fig 6) In all probability, the bullet (Fig 7) in 
its downward course caused an extensive hematoma, Nvhich afterward formed 
an organised mass with the deposit of calcium salts forming the outer border 

Case 7 Mr C C H now aged 51 at the age of 16 was sick m bed for 
two weeks with a severe attack of pleurisy followed by two months of indis- 
position, at the age of 33, he had a severe attack of mumps, making a rapid 
recovery Slight dyspnea had been a persistent symptom for years 

Physical examination of the chest showed the right lung to be clear The 
left lung showed dulness from the clavicle to the base, with a great deal of 



Fig 11 (Case 10) — This case is similar to that portrayed in Figure 10 
except that the empyema occurred forty-three years ago 


retraction of the entire lung Breath sounds were feeble Ihere were few 
crepitations in the first and second interspaces external to the midclavicular 
line In the back, decreased resonance was found over the entire surface more 
intense from the sixth rib to the base On auscultation feeble breath sounds and 
fine crepitations were heard at the base 

Stereoroentgenograms of the chest (Fig 8) re\caled a long strip of fibro- 
calcareous tissue running from the clavicle to the base of the left lung It is 
located about the outer third of the thoracic cavity and is about 2 or 3 cm in 
thickness, as viewed from the posterior-anterior position 

8 Mrs H G , aged 61 consulted a physician on account of symptoms 

characteristic of some circulatory disturbance The history stated that fort\ 
years before, the patient had had a sec ere attack of pleurisv at the right 
pulmonary base, which necessitated the aspirating of considerable fluid This 
illness kept the patient confined to bed for about four months w ith a moderate 
fever cough and weakness Later a sea vojage seemed to benefit her greatly 
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shell of thickened pleura The plates gave the suggestion of a lung encased 
m a cement jacket extending around the entire lower part of the lung 

The patient was given digitalis, and the cough slowdy disappeared It is 
now three j’ears since we first ohser\td this case, and the administration of 
digitalis each fall relieves tlie winter cough The earlj history of this patient 
IS interesting During the Cnil War, he enlisted in an infantrj' companj and, 
after taking a forced march during a cold rain, w'as compelled to rest w'lthoiit 
shelter Three dajs later, the patient was in the armj hospital A\ith a severe 
pneumonia of the liase of the right lung Convalescence was interrupted by 
a severe relapse six weeks later which was followed Iin two ^ears of m\ahdisni 



Fig 10 (Case 9) — The left pleura show's a massive cement-like formation 
m the form of a large sheet of calcareous degeneration, marking the scat of a 
severe empj'ema fourteen j'cars ago 


in the army hospital During this time, the army surgeons used frequen 
cupping of the right lung to promote resolution It w'as four j ears before t le 
patient was able to w'ork In all probability', the present extensive calcification 
at the base of the right lung is the terminal result of pneumonia followed by 
empyema about fifty'-nine y'ears ago 

Case 6 — Twelve years ago, Mr H E S, aged 32, w'as accidentally shot m 
the right superclavicular region with a 32 caliber bullet, which traveled down- 
ward, penetrating the right diaphragm and lodging in the abdomen T le 
patient was in bed for twenty-six weeks with cough and sy'mptoms of lung 
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This patient had had severe pneumonia followed by empyema fourteen ^cars 
e oic ihe patient m Case 10 was suffering from a definite iinoc.irdial degen- 
eration, the extensive calcified patch (Fig 11) involving most of (he light 
pleura was, in all probability, the result of a pneumonia followed b\ empyema 
forty-three years before 

Case 11 Figuie 12 repicsents a calcareous plaque in the left pleura of 
a man, 75 years of age, with no definite history of pneumonia or cmp 3 ema. 



Fig 13 (Case 12) —The extensive calcification seen in the cervical glands 
in such umfoim airangemenl is unusual The patient had what is reasonable 
to consider a chionic cervical adenitis (tuberculous) m early adult life A 
substcrnal goiter is apparent 


except that at 20 ycais of age a scvcic attack of malaria (?) kept the 
patient m bed foi three weeks This isolated patch of pleural calcification is 
rathei frequently found since the advent of the roentgen raj' 

Case 12— The case of Mrs Me is most interesting in that the historj 
leveals distinct evidence of a definite cervical adenitis in early adult life when 
the glands would become enlarged and tender for ^^ccks at a tunc, and this 


278 


ARCHIVES OF INIERNAL HEDICIML 


Tor a niimber of }ears following this illness she was not considered sfrnn^ 
)ut she was free from any respiratory s>niptoms until about four years ago whm 
an unproductive cough developed, which in the light of the present evammlt 

Tnelirysm ^ 

sidf wT^ri fi" re%ealed extensive retraction of the right 
side with definde decreased resonance over the loner two thirds of the oul 

cTS “ole "" 



maT^li isolated calcareous plaque 

suggestive evidence of pneumonia or empyema 


in the left pleura of a 
age of 20 was the only 


med^iastmnm"!®""°^'nT (^ig 9) showed that the entire 

and the r.crt,fT^ puUed to the right There w'as a manifest aortic aneurysm, 
of an pvfpnc encased in a hard shell-like substance characteristic 

before Thp *1 f a pleuritis forty years 

found in the sputum^''""^''’'"^”” acid-fast bacilli were 

prec^^inp-^rjl^^,^^o'^^^ff^ patients had practically the same history as in the 
resDiratorv ailm” f patients had not suffered from any' recent chronic 

the present ^ definite empyema apparently existed years prior to 

left pleura (Fig m 7n 9 there was massive cementing of the entire 

s j in the form of a large sheet of calcareous degeneration 
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Stereoroentgenograms of tlie chest (Fig 14) showed an extensue suh- 
sternal goiter, lunnmg down to the aortic arch, more enlarged on the right 
tian on the left, and in this enlargement there w'as a large calcareous mass 
as iig as a hickory nut, in the substance of the substernal goiter, opposite 
and below the inner end of the right clavicle There ivas a smaller calcareous 
deposit, about half the si7e of the one on the left, m the right thyroid area, but 
this was above the suprasternal notch The trachea was pushed toward the 
left The heart was normal in sue, but the aortic arch had a plaque of cal- 
careous deposit, showing an atheromatous condition The descending aorta 



Fig IS (Case 14) — Extensive calcification of the pericardium in a woman, 
associated with cirrhosis of the livei and ascites (Reported bj Dr J 7 
Case J A M A 80 236 [Jan 27] 1923 ) 

was distinctly widened in the form of a fusiform dilatation The unproductive 
cough may be due to pressure of the calcified mass m the substernal goiter 
Case 14"— Mrs Z R was apparently m good health until two jears ago, 
when she slowly developed circulatory disturbances and later abdominal ascites 
The roentgen-ray chest plates (Fig 15) revealed a peculiar condition of the 
heart In the left border, there was a semilunar calcified ring wdiich appeared 
to be the result of some old pericarditis or diaphragmatic pleurisj This cal- 


50 Case, J T Pericarditis Calculosa Report of a New Case DiscoNered 
Roentgenologically, J A M A 80 236 (Jan 27) 1923 
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concliUon was aI\\a3'S assoLiatcd with a definite fatigue and ill health The 
patient’s mother died of pulnionar> tuberculosis, two brothers died m their 
tw^enties of the same disease The patient, who is now 50 3 ears of age, had never 
been strong She had always been underweight and ner\ous, she had acute 
nephritis after her second pregnane}, for a few 3 ears after this a cough 
persisted w'hich w'as alwa3S considered bronchitis The present S3inptoms and 
indisposition ma}" be reasonabl} attributed to h3pertension The Wassermann 
test W’as negative There were no respirator}’ s3mptoms Stereoroentgenograms 
of the chest and cervical region (I'lg 13) plainl} showed an extensive cal- 
cification of the complete chain of ccr\ical glands, the anterior and posterior 



Fig 14 (Case 13) — A definite substcrnal goiter m this case show’s a 
deposit of lime salts m the right side It is unusual in that the calcification 
is entirel}’ confined to the substernal portion of the goiter 


divisions were easil}’ rccognired The histor}’ and roentgen-ra}’ evidence 
mark this as a rather definite case of an obsolete tuberculous cerMcal adenitis 
follow’ed b}’ calcification 

Case 13 — Mrs S K, aged 52, gave a histor}’ of bronchopneumonia fourteen 
3’ears before She had never been strong and had had hemoptisis at the age 
of 20, seventeen years ago she had had a severe attack of coughing and spat 
blood, she had had influenza three years ago, and a persistent cough had been 
the sequence 

Physical examination of the chest showed an enlarged th3’roid, particularly 
on the right, extending downward to the suprasternal notch There w’as 
definite pulsation over this enlargement 



OBSERVATIONS ON SALT IN VASCULAR 
HYPERTENSION >- 

JAMES P O’HARE, MD 

AND 

WILLIAM G WALKER, MD 

BOSTON 

Any therapeutic measure claiming efficac} in a given disease or 
condition should fulfil at least this pnmar} condition It should be 
proved beyond a reasonable doubt that this measure, and this alone, 
produced the given result As a corollary to the mam proposition, it 
may be fairly demanded that any maneuver claiming to be more effective 
than another should show that the former measuie is definitely and 
measurably supeiior to the latter 

In 1920, Allen ^ published a paper in which he asserted that a 
greater restriction in salt intake in cases of hypertension would produce 
a much greater reduction in pressure, a greater relief in symptoms, a 
speedier dealing up of retinal hemorrhages, etc, without other lestric- 
tion in diet, exercise, etc , than other methods of treatment He advo- 
cated limiting the intake of salt to 0 5 gm a day instead of the usual 
2 gm His claim, if true, would have been a welcome ad\ance m our 
therapy of a troublesome and apparently inci easing disease 

This seemed, however, rather hard to believe for several reasons 
In the first place, there is no good foundation for the restriction of salt 
in cases of hypertension with the exception of those associated with 
nephritic retention The only reason given for the almost universal 
restriction of salt in treating hypertension is based on the assumed 
decreased viscosity of the blood lesulting therefrom But this is mere 
assumption and not proved or accepted Pei haps the close relation 
between chronic nephritis (with salt retention) and vascular hyperten- 
sion IS responsible for the salt reduction treatment Perhaps, it is 
pure empiricism or a clever method to prevent overeating b) rendering 
the food less palatable 

In the second place, it was hard to believe that a reduction in salt 
intake fiom 2 gm to 0 5 gm would prove so much more effective than 
the restiiction from 10 gm to 2 gm , as had been tried frequentl} 
Then, too, it seemed hard to understand the comparatn ely low pres- 
sure of subacute nephritis and chronic nephritis with edema Only 

''-From the Medical Clinic of the Peter Bent Brigham Hospital 
*This paper was read by title at the meeting of the American Society for 
Clinical Investigation in Washington, Ma}, 1922 

This paper is the second one of a series of studies m metabolism from the 
Harvard Medical School and allied hospitals The expenses of this investigation 
have been defrayed in part by a grant from the Proctor Fund of the Har\ard 
Medical School for the Study of Chronic Diseases 

1 Allen, F M Arterial Hypertension, JAMA 74 652 (March 6) 1920 
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cificalion was in the pericardium A left oblique pair of stcreorocntgenograms 
showed tiiat this circular patch was situated m front of the anterior cardiac 
wall It gave the appearance of an extensive irregular calcified patch about 
8 cm in every diameter, ovoid and flat m appearance 

The physical examination showed decreased resonance o\er the back of 
both lungs in the lower half, accompanied bj medium sired rales suggesting 
a chronic \cnous congestion 

Casi 15 — Mrs J, aged 51, complained of an intermittent diarrhea of manj 
j cars’ duration A year ago an cxploratorj laparotomi failed to reieal anj 
cause of the dyscntcri A carefiillj taken history did not elicit the existence 



Fig 16 (Case 15) — An apparent calcareous metastasis in a w'omaii of 
yeais There was no historj' of respiratory disease or chronic osseous 
tions Seven years later stereoroentgenograms gaAC the same appearance r ^ 
Wassermann test w'as negative 

of any present or past chronic respiiator}' disorder Physical examination of 
the chest show'ed little or no abnormality 

Stereoroentgenogiams of the chest (Fig 16) give a dramatic picture lo 
the form of a complete and evenly distributed peppering of the wdiole pulmonary 
field with small shot-like, clean-cut deposits characteristic of calcification 
metastasis No history of disease of the osseous tissue was obtained Seven 
years later the patient returned and the stereoroentgenograms of the cies 
showed the same appearance The Wassermann test was negative on bo i 
occasions 
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BLOOD PRESSURE AND WHOLE BLOOD CHLORIDS IN THIRTY-THREE 

PATIENTS 

Chart 1 demonstrates some significant facts Although none of the 
blood chloiids is above normal, twenty of the thirt} -seven pressures 
are above normal Eight patients had systolic pressures of over 200 
and three had diastolic pressures of 120 or over More significant e\en 
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Chart 2 — Forty-three determinations on t\\entj-four patients Twentj -three 
had hypertension Arrangement is the same as in Chart 1 A represents sjstolic 
blood pressure, 5, diastolic blood pressure, C, irhole blood chlorid m grams per 
liter The whole blood chlorids are all abore normal 


is the contrast between the curve representing the blood chlorids and 
those of the pressures The pressures are represented by absolutely 
irregular types of curves without am relation to the blood chlorid cur\e. 
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rarely is hypertension seen in these conditions, and yet they show the 
greatest retention of salt 

Furthermore, if the salt is such a determining factor, we should 
expect to find the blood chloi id increased in our hypertension cases and 
a definite relation existing between the level of this substance and that 
of the blood pressure Charts 1, 2 and 3 throw some light on this 
subject 



Chart 1 — Thirty-seven determinations of blood pressure and whole bloo 
chlorid on thirty-three patients Pressure and chlorid determined on the same- 
day Twenty of the thirty-seven had hj'pertension The arrangement is accor 
ing to an ascending value of the blood chlorid All of these except the lowes 
are within the accepted limits of normal The commonly accepted limits or 
normal according to Myers, McLean and Berglund are 4 to 5 gm per 0 
whole blood and 5 62-625 gm per liter of plasma Berglund feels that even 
gm per liter of whole blood is normal In the chart A represents systolic h 00 
pressure, B diastolic blood pressure, C whole blood chlorid m grams per hter 









Cliart 3 — Si\ty-oiie determinations of iilood prcssnie and phsim chlonds 
on thirteen patients All cases but the first base been diagnosed as vascular 
hypertension, although seventeen at the time sliowcd a normal pressure The 
plasma chlonds aic all within the accepted limits of normal, except the fust 
two which arc low, and the last which is high 1 he ai rangement is the same 
as in Chart 1 rcpicscnts systolic blood pressuic, B, diastolic blood pussiirc, 
C, plasma chlorid in giams pei liter 
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which steadily climbs High systolic and diastolic pressures may be 
found corresponding to low values of chlorid and normal or low pres- 
sures associated with the higher chlorids in this chart The chart dem- 
onstrates that hypertension is compatible with normal or low blood 
chlorid, and that there is no relation between the le\els of the chlorid 
and the pressures 

Chart 2 is similar to Chart 1 Ho\\e\er, all of the blood chlorids 
m this chart are above normal Des])ite this fact, twenty of the forty- 
three pressures are noimal or low The contrast betw'een the steadilj- 
rising curve of the blood chlorids and the absolutely irregular, jagged 
curves of the pressures is as marked as in Chart 1 It ma} be pointed 
out that there are many higher pressures, both s\stohc and diastolic, in 
this group than m the one preceding On the other hand, there are 
many lower In our first chart, there are only tw'o sj'^stolic pressures 
as low^ as 120, wdiereas m the second chart there are fourteen Chart 2 
indicates that a normal or low' blood pressure is comjjatible w’lth a high 
blood salt content, and that there is no relation betw'een the levels of 
chlorid and pressure 

BLOOD PRESSLiRC \ND BLOOD PL\SM\ CHLORIDS IN V'VSCULVR 

in PCRTENSION 

Chart 3 illustrates the facts brought out m the tw'O previous ones 
The single high plasma chlorid in so many patients wnth hypertension 
IS especially notew'orth} 

These three charts demonstrate that in different persons (1) hyper- 
tension IS compatible wnth normal blood chlorid , (2) normal tension is 
compatible with high blood chlorid, (3) there is no relation betw'een the 
height of the blood pressure and that of the blood chlorid 

Such conclusions appl} also to the same determinations in the same 
patient 

The figures in Table 1 speak for themseh'es and indicate that in the 
same patient, as w'ell as in diffeient patients, there is absolutely no rela- 
tion betw'een the level of the plasma chlorid and the blood pressure 
In the fourth, fifth and sixth patients in this group, it is interesting 
to note the pressures corresponding to the low'est and highest chlorids 
The)' are almost alike 

Another doubt is cast on the relation between the blood pressure 
and the chlorid metabolism It seems difficult to imagine that changes 
in the salt metabolism of the bod) could take place rapidly enough to 
bring about the sudden and often marked changes that take place in 
the blood pressure from second to second and from minute to minute 

2 O’Hare J P Vascular Reactions in Vascular Hypertension Am J M 
Sc 159 369, 1920 Common Sense m the Interpretation of Hypertension, 
Clin North America, 5 1349 1922 
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It IS hard to believe that the salt has an}^ thing to do with such a 
marked change in pressure in such a short period of tune as is illus- 
trated in Chart 9 Note particularly the change of over 100 mm 
systolic and 55 mm diastolic pressure in twenty-four hours on March 
1 Such a tremendous change, one would feel, must assume an equiv- 
alent change in chlorid metabolism The urine and plasma chlonds 
indicate no such change Furthermore, we know that any such marked 
change would be extremely dangerous to life It is certain in this case 
that nervous influences weie responsible, and it is hard to believe that 
these act on the vessels through sudden changes in salt metabolism 

In spite of the doubts that crept into our mind, it seemed desirable 
to check up the very low salt regimen to discover whether it fulfilled 
the requirements mentioned in the introduction of this paper At first 
thought this might seem a simple, straightforward piece of work Our 
original plan was to place patients with hypertension, on alternate 
weeks, on a 0 5 gm and 4 gm salt regimen Many practical difficulties 
were soon encountered The chief of these was our inability to get, 
in one week, dechlondization sufficient to bring the case within the 
accepted limits of an excretion of salt of 0 5 gm or less a day This 
necessitated, as a rule, the use of long penods of low salt intake and 
shorter control penods Rarely could our patients stay in the hospital 
long enough to allow a period of higher salt intake comparable in 
length to the low salt period This time variable should be borne in 
mind m the interpretation of the results 

Since the reduction in pressure was the only measurable criterion, 
we felt that we should use cases of pure hypertension and exclude 
those complicated by nephritis Eighteen cases of vascular hyperten- 
sion, therefore, were selected Our aim was to have these patients 
under as constant conditions as possible during the experiment They 
were, therefore, all kept at rest in bed during the entire period of obser- 
vation All were given a fixed diet containing 60 gm of protein, 2,000 
calories, and 1,800 cc of fluid The only (controllable) variation vasin 
the salt intake, which was alternately 0 5 gm and 4 gm (The latter 
amount was selected instead of 2 gm to exaggerate ain differences due 
to the low salt content ) Practically the only variable over which we 
had no control was nervous influences These played, howeier, an 
important part 

Blood pressure readings were taken at the same time each day 
The chlorid m the ui me was quantitated daily to control the intake The 
plasma chlorid was determined, as a rule, once a week 

The only good way to view the results of this stud> is to see the 
charts For obvious reasons, only a few can be included here A 
table such as Table 2 is the most easily available way to present the 
data in print Necessarily, it is somewhat imperfect 
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Table 2 — Effect of AUctuatc Low Salt and Iltghcr Salt Intake 
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Another fact brought out previousl}'^ is that the pressures not infre- 
quently fall materially (40 or more millimeters, systolic) without an} 
special treatment except physical and mental lest Note the decrease of 
68 ram and 56 mm in systolic picssurc and 48 mm and 20 mm in 
diastolic, 111 the fust patient in Chart 5 

Ihis patient was given no special treatment except icst in bed The 
diet was “house diet,” with no restrictions in salt The second pridcnt 
in this chart showed a diop of 35 mm systolic and 25 mm diastolic 
pressure, m spite of the fact that the patient was getling 4 gm of salt 

If the 0 5 gm salt regimen is effective, it seems to me tliat we 
should expect (1) a definite decrease m the variations, and (2) a 
mateiial loweiing of the pressure, about which there can be no question 
With regal d to the second point, we think it is fan to demand an 
average decrease m systolic pressure of 25 mm and, pcihaps, somewhat 
less m the diastolic Anything less is doubtful and can easily be 
accounted for by the physical rest oi mental ease obtained 

Let us now leturn to Table 2 An analysis of the columns headed 
“Variation in Systolic” indicates that there weie widei variations m 
both systolic and diastolic pressures during the 0 5 gm regimen Seven- 
teen times duiing the low salt regimen, the degiee of fluctuation was 
greater It was less only four times and the same once As foi the 
diastolic pressuic, the figures are about the same greater fluctuation 
dm mg the low salt regimen fifteen limes, less six times and the same 
once These are brought out better in the charts than in this table 
Ceitainly the low salt regimen does not pi event the wide swings in 
pressure so common in these patients • 

Analysis of the columns headed “Difference m Average Systolic” 
and “Difference in Average Diastolic” shows that only Cases 4 and 18 
can reasonably be assumed to show sufficient change in piessure during 
the 0 5 gm regimen to admit the possibility of the low salt ingestion 
being effective While such is a possible intei pi elation, certain doubts 
aie cast on the tiuth of such interpretation In Case 4, it is only in 
the piolonged sixty-four day second pciiod that the pressure fell so 
much In the first low salt ingestion jiciiod, in which the duiation was 
identical with the control pciiod, there was actually a slight difference 
in favor of the latter Fuithermore, when this patient was alloued 
much largei amounts of salt, there was no evident relation between 
the pressure and the amount of salt excreted (see Chart VI) In 
Case 18, too, there is some doubt because on an intake of 10 gm of 
salt pel day for six days, this patient had an average systolic pre^^surc 
that was actually 4 mm less than during the low salt period This 
table does not indicate that the 0 5 gm intake is of greater value than 
the 4 gm salt diet 
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The arrangement of patients is in order of differences in the average 
systolic pressures A plus sign indicates that the pressure was lower 
with the 4 gm than with the 0 5 gm intake In the first column is 
indicated the salt pei lod — either 0 5 gin or 4 gm In the given case, 
the arrangement of the periods is chronologic The second column 
indicates the duration of the periods in days (It will be noted that the 
0 5 gm period is often considerably longer than the control penod It 
has, therefore, the added advantage of longei rest in bed, etc ) In the 
next column is given the systolic and diastolic pressures at the onset of 
the experiment The next two columns contain the highest and lowest 
systolic pressures and the following one the difference betw'een these 
two These three give us the lange of fluctuation The next column 



Chart 4 — Effect of conversation Pressures taken c\er> two minutes 

gives us the aveiage systolic pressure The one following indicates the 
difference between the average systolic pressures in the periods The 
remaining columns are the same for the diastolic pressure 

Before analyzing these figures in detail, let us see wdiat previous 
experience with patients wnth hypertension has taught us This wull 
enable us to judge our results more correctly and to avoid the extremely 
common error of misinterpretation 

This experience has showm clearly that the pressure is extremely 
variable from minute to minute “ Systolic changes of 25 mm to 40 mm 
are not uncommon 

Chart 4 illustrates a striking effect of ordinary conversation m one 
of our nervous patients with hypertension In her, the systolic pressure 
jumped 30 mm within two minutes of the beginning of a simple con- 
versation In ten minutes, this pressure had climbed from 156 to 200 
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Furthei evidence of the lack of relation between salt and hypcr- 
tension is illustrated by four ot our cases in which the patients took 
large amounts of salt, either at our suggestion or of their own free will 
Case 18, Table 2, I have mentioned This patient took 10 g^n of salt 
a day for six days The table shows that during this period the fluctu- 
ations 111 pressure were less and the average pressures somewhat lower 
than during the 0 5 gm salt regimen Three more patients were 



Chart 7— Excerpt from record of Case 8 Patient discharged from hospital 
on February 7 A represents systolic blood pressure, B, diastolic blood pressure, 
C, twenty-four hour urine chlorid in grams , D f plasma chlond in grams per liter 


followed after their discharge from the hospital, and the effect of 
increased salt ingested was noted 

It will be noted m Chart 6 that up to June 18 this patient was taking 
only enough salt to excrete less than 0 5 gm After that date she took 
a greater and variable amount as indicated b} the urine chlond As 
one looks at the chart the hist impression is that with the increased 
salt intake, the pressure, especialh the systolic, rose How ei er, a little 





Chart 5 — Effect of rest in bed At the top of the cliart is indicated the 
month and just below it the day of the month .1 represents systolic blood 
pressure, B, diastolic blood pressure 



Chart 6 — Excerpt from the record of Case 4, illustrating the result of 
increased salt intake A represents systolic blood pressure, B, diastolic blood 
pressure, C, twenty-four hour urine chlorid in grams, D, plasma chlorid m 
grams per liter 
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level ^ A point brought out in the previous chart is illustrated again 
here On July 21, this patient’s salt output was almost 10 gm , and 
yet the systolic pressure w^as much lower than on se\eial other da)^ 
when the excretion was betw'een 0 5 gm and 1 gm On July 28, a 
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Chart 9 (Case 14) —This illustrates the effect of ner\ous influences A 
represents systolic blood pressure, B, diastolic blood pressure C, t\scnt%-four 
hour urine chlorid m grams , D, plasma chlorid in grams per liter 

fall m salt to almost 3 gm was accompanied b> a rise of 22 mm 
systolic piessure The diastolic pressure was fairh constant 

This chart is almost similar to the prea lous tw o exxept that it is 
somewhat more striking There are four things that are especialh 
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closer inspection of tins period will shon that while this is true, there 
IS really no relation between the salt <incl the blood piessure For, on 
July 3, tbc output of salt icgistered o\cr 9 gm , .ind yet thq blood 
pressure was the lowest in that period and just about what it had been in 
the 0 5 gm peiiod On July 10, \\ith a f.ill in the urine salt to 3 gm 
and a fall also in the plasma thlorid, the ssstolic jircssnre rose 22 mm 
and the diastolic 9 mm .Such obscr\ations make me feel certain that 
the general rise in piessure was due to factors other than salt 



Chart 8 — Excerpt from record of Case 2 Patient discharged from the 
hospital on February 7 d represents systolic blood pressure, B, diastolic blood 
pressure, C, twenty-four hour urine cblorid in grams, D, plasma cblorid m 
grams per liter 


Case 8 is similar m many respects to the pieviotis one One may 
note in the chart that after the patient’s discharge fiom the hospital and 
with her return to home conditions, there was a sharp rise in both 
systolic and diastolic pressuie There is no comparable change in salt 
excretion, which shows only a slight rise It is not possible to believe 
that the latter had anything to do wth the use m pressure If so, why 
should the latter continue to stay at approximately the same level when 
the salt excretion rose subsequently to seven or eight times its former 
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pressure following the decrease to an 0 5 gm intake One may point, 
by way of objection, to the rise in plasma chlorid with this rise m 
pressure The former, however, is still within normal limits Further- 
more, we have previously demonstrated the lack of relation between the 
plasma chlond and blood pressure Lastly, this does not at all influence 
our mam contention that the 0 5 gm salt intake does not materially 
decrease the pressure 

CONCLUSION 

The experiences detailed above, with the extiemely low salt intake 
advocated for the treatment of hypertension, do not indicate any special 
advantage over the older less rigid restriction The former regimen has 
certainly not fulfilled in our patients the conditions mentioned m the 
introduction This very low salt diet is, furtheimore, difficult to cany 
out at home, is monotonous and expensive This paper also suggests 
that salt plays little part m vascular h}fpertension 
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worthy of note. The first is the gradual rise in pressure, m spite of 
a low salt excretion, before the patient was sent home The second is 
the sharp rise of 58 mm systolic and 20 mm diastolic pressure t^vo 
days after leaving the hospital At this time, the salt excretion was 
0 5 gm Such a rise was undoubtedly the result of conditions at home 
The excretion on July 28 of over 13 gm of salt with a pressure that 
fell to normal is especially noteworthy Last but not least is the 
tendency for the systolic and especially the diastolic pressure to fall 
slightly during the ver}' high salt feeding 

It IS hard to believe fiom these experiences with high salt intake 
that the salt has much to do with the le\el of the blood pressure 



Chart 10 (Case 9) — The patient vas on a 4 gm salt intake diet up to 
September 5 From that date he was taking only 0 5 gm A represents systo ic 
blood pressure, B, diastolic blood pressure, C, twentj-four hour urine chlorid in 
grams , D, plasma chlond in grams per liter 

Two charts are appended which illustiate various obvious difficulties 
in accepting the idea that low salt intake is effective in hypertension 
Chart 9 demonstrates the extreme variability in pressures that, to say 
the least, is not prevented by the very low salt diet Note particularly 
the sharp changes in pressure on Maich 1 and 17, wnth no correspond- 
ing changes in salt excretion An increase of 105 mm and 80 mm 
systolic and 55 mm and 30 mm diastolic pressure in twenty-four hours 
IS difficult to attribute to the changes that took place in the salt at 
those times In Chart 10, note particularly the primary fall in pressure 
during the 4 gm salt regimen and the paradoxical marked rise m 
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often following the ingestion of certain foods, and gastro-mtestinal 
upset piesenting a vaiiety of symiDtoms) , the bladder symptoms (fre- 
quent painful uimation), and headache, nervousness, asthenia, hypo- 
tension and the like Ihe foiegomg symptoms always suggest the 
possibiht} of alleigy, especially when they occui m the absence of 
other appaient adequate cause for an illness, and when the family 
histoiy is positive 

PHYSICAL EXAMINATION 

The moie impoitant signs of alleigy which can be found on physical 
examination aie the ocular, the nasal, the bronchial and the cutaneous 
The cutaneous symptoms can often be brought out by scratching the 
skin This occasionally gives use to the immediate appearance of 
typical wheals Examination is also important in excluding sources 
othei than alleigy for a given complaint For example, if, in a patient 
i\ ith a long histor}' of frecpient and painful urination, physical, cysto- 
scopic, endoscopic and loentgen-iay examination, and uranalysis reveals 
nothing abnormal, bladdei alleigy must always be suspected, especially 
if the patient gives a history of hives, asthma or other characteristic 
S}mptoms of the condition, and if a history of such symptoms m the 
paients can be obtained 

OBSERVATIONS BY THE PATIENT 

Practical observation by both ph}sician and patient is important 
It is often advisable, m an obsctiie case, to school the patient thoroughly 
m the mechanism of alleigy so that his observations may be directed 
cdong useful channels He should observe whelhei oi not the origin 
or relief of symptoms beais any relationship to season, time of day, 
geographic situation, local environment, the proximity of animals or 
fowl, the eating of food, the use of cosmetics, weaiing apparel, odors, 
habits, etc Important infoimation can often be gained through carefu' 
observation by the patient, which makes a coi rect diagnosis possible 

I may mention the history of a woman who was subject to asthma while 
111 her own houso, but was relatively free of asthma m other localities She 
gave a positive skin reaction to an extract of dust taken from her vacuum 
cleaner She remembered, then, that her asthma, of four years’ duration, dated 
from the purchase of new furnishings for her house, among which was a 
large rug The rug was thoroughly cleaned with a vacuum cleaner, and saline 
solution was allowed to filter through it six times The solution was then 
filtered through a stone filter, and injected mtracutaneously A marked local 
reaction and an attack of asthma immediately followed Disposal of the rug 
resulted m an immediate cure The patient was not sensitive to wool or 
other animal hair, nor to extracts similarly made from other articles about 
her house 

Symptoms which appear only in the spi mg, summer or fall, or beai 
a lelationship to geographic situation are usually traceable to plant life 



, SPECIFIC TESTS IN THE DIAGxNOSIS OF 

ALLERGY 

W W DUKE, MD 

K\NSAS cm, MO 

T. here are few subjects before the piofession today more interesting 
and important than specific bypersensitiveness The condition is com- 
mon and afflicts perhaps 12 to per cent of adults 

Several souices of information are useful in the diagnosis of hyper- 
sensitiveness From them, one can usuallj disco\ er not only whether 
or not a given illness is fundamentall} allergic in origin, but also what 
the specific allergen icsponsible foi the illness ma\ be These sources 
of information are (1) family bistoij , (2) personal bistor\ , (3) exam- 
ination, (4) obseivation by the patient, and (5) specific tests (cutane- 
ous, ophthalmic, nasal, subcutaneous, clinical, etc ) 

Each source of information is imjiortani and depending on the 
case, one may be more important than the others For this reason, each 
will be discussed m some detail 

rAMIL\ IIISTOR\ 

Specific hypersensitiveness is one of the most consistent!} hcreditar) 
of diseases In outspoken cases, a positne histor} of the condition in 
one or both paients can be elicited m almost 50 per cent of cases 
Cooke and Adkinson each report an antecedent histor} of allerg}’’ m 
48 per cent of cases studied Each also found that with a positive 
history in both parents, the disease appeared at an earlier age than 
when It obtained in one parent only A positive family histor}, there- 
foie, IS veiy important confirmative evidence in the diagnosis of allergy 

PERSONAL HISTORY 

A number of symptoms aie characteristic of allerg} Y'^orthy of 
especial mention are the ocular (edema of the conjunctivae, puffiness, 
redness, swelling and itching of the lids, and increased lacrimal secre- 
tion) , the nasal (sneezing, pallor and swelling of the mucous membrane 
of the nose, associated with watery oi clear mucous secretion) , the 
pharyngeal (itching of the soft palate and pharynx, and cough) , the 
ronchial (bronchial obstiuction associated often with ivlieeziiig and 
the expectoration of clear mucoid sputum iich m easmophils — in lighter 
cases, cough and shortness of breath on exertion), and the cutaneous 
(urticaria, angioneurotic edema, eczema, erythema, priiritis) Much 
ess characteristic are the gastro-intestinal symptoms (abdominal pain, 
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entirely by clinical tests because the patient gave delayed reactions in 
each case and was sensitive to two common articles of diet After the 
offending allergens were discovered through the use of cutaneous tests, 
the patient was able to obtain complete relief by their avoidance The 
diagnosis was then proved by the fact that thereafter the patient could 
bring on a typical attack of asthma by the ingestion of a small amount 
of eithei milk or egg The symptoms never appeared sooner, however, 
than thirty-six hours after either the mlracutaneous injection oi the 
ingestion of the offending substances 

SKIN TESTS 

Two methods of making skin tests are used at the present time, the 
cutaneous or scratch method, advocated particularly by Walker, and 
the intracutaneous, advocated by Cook and others Both have a sphere 
of usefulness The intracutaneous, the more delicate method, gives a 
far greater number of positive reactions than the cutaneous, but has 
the disadvantage of giving a greater number of false positive reactions, 
or, rather, giving a greater number of positive reactions in patients 
who aie not clinically sensitive This is no great handicap, if the 
results are taken for what they are worth and what they actually 
indicate, and are used only in conjunction with information gained by 
history, physical examination and special tests In this case, they are 
valuable, and rarely lead to serious error The cutaneous reactions 
(or scratch tests) have their greatest sphere of usefulness in the testing 
of children and of patients sensitive to pollen and other air-carned 
allergens Patients of these types respond readily, as a rule, to cutane- 
ous tests Scratch tests are useful also for testing patients sensitive 
to agents such as turpentine, benzol, and other substances which might 
piove irritating or harmful if injected intiacutaneously Cutaneous 
tests often fail utterly in older individuals and in patients whose symp- 
toms appear to occur as a result of a general reaction, as in food cases 
In these, intracutaneous tests often give marked and convincing 
reactions 

In our experience, both the cutaneous and the intracutaneous 
methods are useful, and neither should be used altogether to the 
exclusion of the other 

METHODS OF MAKING TESTS 

Methods of making tests are described in some detail because, in 
this work, relatively simple and at the same time relatively accurate 
methods are almost essential if this sphere of knowledge is to be used 
broadly by the profession, as is also liberality in the interpretation of 
results obtained 
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(usually to pollen, less often to emanations from the bloom, leaves or 
stalk) Symptoms which bear a relationship to local environment, such 
as house or work shop, aie usually traceable to dust or some article or 
animal m the house Among dentists, ec?ema or asthma is frequently 
traceable to sensitneness to cocam, piocam or apothesm An under- 
taker whom we examined was sensitne to formaldehyd, a patient, sub- 
ject to chronic asthma, -worse m her own home than elsewdiere, had 
a seveie attack aftei the painting of her house and w'as proved sensitive 
to turpentine, another subject foi several years to nasal allergy, proved 
sensitive to orris loot She was relieved after discarding cosmetics, 
and especially aftei dispensing w'lth a sachet wdnch she kept in her 
diesser draw'er Occasional!}, it seems impossible to discover the 
specific allergen lesponsible for house allerg}', and one of our patients 
has had to give up his business on this account 

Symptoms wdnch beai a relationship to stables are usually traceable 
to an animal, occasional!} to emanations from ^egetable matter, such 
as hay Symptoms wdnch bear a relationship to city or railroad cars 
aie often tiaceable to smoke . to farms and country, often to plant life, 
to time of day, usuall} to an aiticle wuth wdnch habit brings the patient 
in contact Night asthma is often due to house dust, w'ool or feathers 
Asthma of any soit, whether of caidiorenal, emphysematous or allergical 
ongin, is inclined to be worse at night 

Symptoms wdnch follow tlie eating of certain meals are often trace- 
able to an article of food, if the symptoms appear frequentl}, to a 
common article of food, and if rareh, it is an unusual article of diet 

Often the woiking out of an obscuie case depends as much on 
detective W'Oik as on the peisistence of the physician, and success can 
occasionally be attained only by visiting the patient's home or shop, and 
making careful obseiiations 

SPECIFIC CLINICAL TESTS 

Useful crude clinical tests can often be made by having a patient 
eat a suspected food, or inhale a suspected vapor or the odor of sus- 
pected perfume, or the emanations from fur, feathers, animals, etc , or 
by the application of suspected substances to the skin, etc Such tests 
often make a correct diagnosis possible in the easiest sort of w'a} 
Frequently, howevei, this method of testing presents difficulties In a 
person who is sensitive to several articles of food, such as milk, eggs, 
and certain vegetables, the greatest persistence in eating or in aioidmg 
certain foods may fail utterly to give the diagnosis This is especially 
true when reactions are delayed In one patient with asthma w'ho 
had been treated by several careful physicians, the primary sources of 
the disorder (which proved to be both milk and egg) weie missed 
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expel lence, more than six )^eais), while solutions tend to deteriorate 
rapidly unless kept at icebox temperature For this reason, potent 
allergens in the foim of pawders can be dispensed by commercial 
chemists and can be kept indefinitely, thus relieving the practitioner of 
the laborious piocess of repeatedl)^ making and standai dizmg his own 
solutions 

That this method can be criticized as rather maccuiate is admitted 
It IS maccuiate, but no moie so than any cutaneous (or scratch) method 
Inaccuracy in the scratch method lies in the fact that the quantity of 
allergen absorbed by the skin is an unknown factor, as is also the 
stiength of the solution foiined aftei the mixing of powder and solu- 
tion on the skin jNIethods of testing cutaneously or intracutaneously 
aie of necessit}^ inaccurate in maii)^ cases We often have no knowledge 
uhatevei of the substances with which we test oui patients and to which 
the)- react 

I ma\ mention the case of a phj'sician who was subject to abdominal 
seizures which I suspected were allergic in origin and due to the occasional 
use of acet3lsal]cylic acid On account of the physician’s statement that he 
often took acetylsalicjlic without ill effect, we tested him intracutaneously 
with five different brands He gave negative reactions with four and an 
intensely positive reaction with one Further than this, he was able to pro- 
loke an abdominal attack with the preparation to which he gave a positive 
cutaneous reaction, while the others caused no ill effect He was evidentlv 
sensitive to some impurity contained in the one preparation The impractic- 
ability of standardizing such an impurity for use in cutaneous testing is 
self-e\ ident 

In citing this case, I do not wish to be taken as advocating inaccurate 
methods when accui ate methods can be used I simply advocate inaccu- 
rate tests rather than no tests at all 

One frequently wishes to test a patient with some substance for 
winch he has no stock solution, such as a certain vaiiety of straw, 
clover, newspaper, a diess, carpet, upholsteiy and dust Suitable 
extracts of such substances can often be made by allowing them to 
stand several hours m a solution such as desciibed by Wodehouse and 
Olmsted, or in Coca’s solution, and filtering for the sake of sterility 
through a Berkefeld filter It is usually impossible to standardize a 
solution of this sort since the offending element is an unknown quantity 

It IS hardly necessary in a paper of this scope to describe in detail 
the methods of preparation of solutions of the different types, since 
this has been admirably done in a recent article by Coca and by Wode- 
house and Olmstead It may be well, however, to mention the fact 
that in making a preparation for cutaneous testing one should endeavor 
to obtain the suspected substance in relatively concentrated form If 
an individual is thought sensitive to emanation from clovei, the extract 
should be made of the whole, unbiuised stem, leaf, or flower, the idea 
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By Walker’s cutaneous method, the foreign materials in dry pow- 
dered form are applied to scarified aieas on the skin, and to this is 
added a drop of tenth noimal sodium hydroxid solution The appear- 
ance of a hive, nith pseudopods surrounded by an irregular area of 
erythema, indicates a positive reaction 

Cook and his associates use standaidized solutions in varying 
strengths and inject mtracutaneously 0 01 cc The appearance of a 
hive, with pseudopods and eiythema, indicates a positive reaction 
Small reactions without pseudopods are disiegarded This method, 
while technically difficult, is very useful, especially in patients whose 
skin does not respond readily to cutaneous tests The difficulty in 
technic does not he in the injection of the solutions but in the prepara- 
tion of solutions for testing At the present time, it necessitates a 
physician’s repeatedly making and standardizing several hundred stock 
solutions of his own This can be handled practically only in well 
organized laboratories 

During the last year, I have used a method similar to Cook’s, but in 
previous years, I used one which was much simpler in testing for 
sensitiveness to food proteins It is not so accurate as Cook’s, and is 
not adapted to testing foi sensitiveness to pollen and other an -carried 
allergens because of the solution being too concentrated It is useful 
for physicians who make tests on only a few patients a week 

SIMPLE PLATE METHOD 

About 0 1 mg of each of the suspected substances (in dry powdered form) 
to be used in the tests is placed on a large sterile plate One-tenth mg of 
a powdered protein can be guessed at crudely as the amount of powder which 
can be taken up easily on the end centimeter of a sterile Peerless round wooden 
applicator To each protein, 01 c c of physiologic sodium chlorid solution 
(distilled water will not dissolve globulin) is added The first solution to 
be used is stirred and drawn up in a tuberculin syringe provided with a 
small needle Then 001 cc of the solution is injected mtracutaneously The 
syringe is washed carefully in each of three separate vessels containing sterile 
physiologic sodium chlorid solution The syringe can then be used for inject- 
ing allergen No 2, and so on, if the syringe is washed thoroughly, and if 
the Vessels of salt solution are always used in the same rotation 

F ontame has suggested the use of 0 1 mg tablets of allergen instead 
of the powders as used above This modification reduces the limit of 
error, and also is easier to carry out For physicians who test out a 
number of patients daily (from five to ten), the use of stock solutions 
IS much better and can be accomplished by dissolving 1 mg powders or 
tablets in rubber stoppered phials containing from 1 to 3 c c of Coca’s 
solution or sterile physiologic sodium chlorid solution to which has been 
added phenol 0 5 per cent as a preservative 

The advantage of this method lies in the fact that allergens in the 
form of a powder keep potent indefinitely if dry (according to my 
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-ilk J/'fns Jn Ihc i^ump tcsfs, li js -xflvis-iblc io use less of c-ieli indivulu-iJ 
-illcif'cn 111, in ni Ihc in.iKing of in(lividii,il tests J use no moic of the 
n 1 l^lMlc ih-in of the individii,il sohilions in the fin-d tests 

J-*i ehniin-uy lesls in,ide in Ihis way often en-ible one to s-iy 
Ih-it ,i j),ili(nl is sensitive Io a (Cil-iin inixtuie of v(‘gel?ibles, gi-iins, 
-ininiJil d-indei, se-i foorls, etc Ftiilhci 1ests e-in then be made with 
e-K h -illei/,^en (onl, lined in the ml^tnle J^ivinpf positive re, u lions, ,ind 
fieqiienlly ,i f,o(,il deal of lime and lioiible foi the ]),itient ean be 
s.ived 

No h,iid ,ind f.isl con<liisions (,in be dr,iwn fiom ]jichmm,iiy j^roiip 
lesls jl is simjdy a useful me.ins of getlm/:^ a clue One often finds 
that ,i gioiip le.Klion (omes out moie sliongly jjositive th,in lesls with 
,i/?y m<-bvidu,d niruiliat of the* gfoujx, and vice* vcrs,t One* should not 
let a neg,i(ive giotip test inteifcie with his tiying any imlividn-il 
(onstituenl of ,i niixiuie should lie siispeet it ,is ,i e,uise of illness 
(.ooK( h,is vciy jnopeily w, lined .igainsl the use of ,i laige number 
of lesls ,il one silling We h.ive employed the mclhofl desciibed .above 
foi moie ih.in two ye.iis, using usually moie than 300 allcigens ,il 
one silting We h.ive h,id ,i few seveie eonslilutional le-ietions, but 
h-ive not h,id an al, inning icatlion We h-ave been veiy e-iieful, 
howevei, with (cilaiii i.ises, especi-illy jwllen e.ises during the pollen 
se.ison 1 he use of ,i huge numbei of .illeigens Io whieh ,i jjatient 
does not le-ut should h-ive little oi no ill effett 

Jiefoie le.iving this subjed, one should ag-im w.irn of the danger 
of violent const ilution.il le-idions which occasionally follow inli.i- 
(Ul.ineotis injedions One should h.ive epinephnn and aliojan on 
h.ind le.idy foi (|UicK use, ,ind should use it immedi.itely .ind fieely 
if (oiy/,i, .isihm.i, gcneiah/ed eiythema oi itching of the skin develops 
I’.ilienis should not be .illowed to le,iv( the office soonei th.in one half 
to one hoiii aflei the lesls aie completed ,ind should then be warned of 
the possibility of ,i le.idion .ippe.iiing even l.itci 

ON/ ^YKINOh MI J 1100 

ft IS i.ilhei impi.idic.ible foi Ihc jnofession genei,illy lo use a 
l.iige numbei of syimgcs .ind needles in making mlr.uut.incous lesls, 
,ind It IS iinnec'css.iiy fn oiii woik, we use one syiinge and one 
needle Aflei m.iKing an injection, we w.ish it thoroughly in e.xch 
of thiee vessels conl.iining steiile s.alt solution 'f'he first vessel dilutes 
the .illcagen gie.illy, the second moie yet, and the thud to such an 
(XlenI that ,iny ti.ace wind) lemains in the syiinge is too dilute to 
inteifcie with the acctii.uy of subsequent lesls 'I'lie thiicl w.iter is 
not cont.iminaled suffuiently to mteifeie with Ihc use of the s<xme 
Ihiee solutions foi fuithei w.ishing of the syiinge, that is, if the thiec 
vessels ,'iic .ilw.iys used in the same lol.ition If one wanted to be 



304 


ARCHIVES OF INTERNAL MEDICINE 


being to get in solution a maximum quantity of the substance contained 
m the outer part of the plant In the case of food hypersensitiveness, 
the inner portion of the article is likely to be as important as the 
outei, so that maceration before extraction is desirable One must 
add here that efforts at puiification of any extract are usually inadvis- 
able Purification would be the logical thing if one knew the particular 
constituent responsible for illness When an individual is sensitive, 
however, to a substance such as grain, it is impossible to surmise at the 
outset what substance is primarily responsible, and in the process of 
purification the real offender might be lost 

While purification of an extract is, in general, inadvisable, the 
use of purified extracts often gives useful information in the case 
of common foods, such as eggs, milk or wheat, that is, foods which 
are used so fiequently in cooking as to be difficult to avoid In the 
case of egg, if a person is prored sensitive to either egg white or egg 
yolk protein alone, the offending substance can be removed mechamc- 
ally, and the remaining portion of the egg can be used Furthermore 
cooked egg (coagulated protein) in this case may be tolerated This 
information may enable a person to use cooked egg, cake, coffee 
in which egg is used in the clearing, etc , so that the avoidance 
of egg becomes no real hardship In the case of ovomucoid, which 
is not coagulated by heat, it is necessary for the patient to avoid not 
only raw egg but cooked egg as well, in fact, occasionally, every food 
which contains even a trace of cooked egg Likewise in the case 
of proved sensitiveness to lactalbumin, the milk may be rendered 
harmless by such a simple measure as boiling , while sensitiveness to 
casein may necessitate the discarding of milk altogether Patients 
sensitive to certain raw foods are very often insensitive to the foods 
when they are thoroughly cooked A knowledge of this may be a great 
convenience m choosing a diet 

Pollen allergens and some of the animal danders and other air- 
carned allergens should not be handled so promiscuously nor in the 
same concentration as food allergens These allergens are, as a rule, 
stronger, they provoke more seveie reactions, and they give convinc- 
ing results when used in more dilute solution Pollen extracts of a 
strength of 0 01 mg of dry pollen to each cubic centimeter is iisuall} 
concentrated enough to give marked reaction, in sensitive individuals 
In group testing, usuall} 0 001 -j- mg to the cubic centimeter of each 
individual pollen is adequate 

PRELIMINARY GROUP TESTS 

The procedure of intracutaneous testing can be shortened and 
simplified somewhat through the use of preliminar}^ group tests, that 
is, thiough the use of mixtures of from five to eight closely related 
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As regards the fact that patients proved sensitive to a given sub- 
stance may give negative intracutaneous reactions, I believe, without 
compiling accurate statistics, that this condition is encountered more 
frequently m older individuals than in childien, also, more frequently 
in individuals whose symptoms occur as a result of a genpal reaction 
than 111 individuals sensitive to air-carried allergens A negative 
reaction is found more often in patients who have asthma, hives, oi 
angioneurotic edema caused by ingestion of egg (general reaction) than 
in patients who have hay-fever or asthma caused by local contact of 
the lespiratory mucous membrane with pollen or emanations from 
animal hair, etc 

In searching for an explanation of this fact, it might be mentioned 
that patients sensitive to a food can be sensitive to the food as it 
exists 111 a natural state or to some product elaborated during its 
digestion or puti if action in the alimentary canal, or to some product 
formed b)'- the parenteral alteration of some of its products after 
absorption A patient with egg urticaria may be msensitue to egg but 
sensitive to a product formed from egg after many catabolic and 
anabolic processes I obseived a patient with egg asthma who gave a 
very slight skin reaction, but who was clinically so sensitive to ovomu- 
coid that three drops of a solution of whole fresh egg made by diluting 
one drop of fresh mixed egg with 200 c c of water ^vas sufficient to 
cause severe asthma, if taken by mouth The same result appeared 
after the subcutaneous injection of 0 0001 mg of whole egg The 
reactions produced in eithei way did not appear sooner than thirty-six 
hours after the tieatment with egg 

The mere fact that the nasal mucous membrane or gastro-intestmal 
mucous membrane is sensitive to and reacts to a given substance does 
not necessarily mean that the skin is sensitive and should react posi- 
tively It IS simply good fortune that the skin does react positnely 
so often 

Given the facts that a negative skin reaction does not exclude a 
given substance as a cause of illness and that a positive leaction, 
although indicating sensitiveness to the substance, does not indicate 
that It IS a cause of illness, the following general lules are of value in 
interpreting results 

1 Occasionally, the skin reacts to one substance only When this 
IS the case, the real offender, as a rule, is discovered 

2 The skin usually reacts to several substances and often to several 
groups of substances When this is the case, the larger wheals usually 
indicate the real offenders This is not invariably so A patient may 
react markedly to vegetables and slightly to grams and be made actually 
ill by a grain only The fact that extracts prepared for cutaneous 
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more caieful, he could do so by using four or five vessels of salt solu- 
tion instead of three This is unnecessary, however, if one is thorough 
in his washings I frequently find one test intensely positive and the 
next negative, pioving thus that the cleansing of the syringe must have 
been adequate 

INTERPRETATION OE CUTANEOUS TESTS 

One’s fiist impiession of intracutaneous testing is likely to be one 
of disappointment If he is so unfoitunate as to be seriously misled 
by them, the first impiession may be one of disgust The fault lies more 
often, however, in the interpretation of results than in defects in the 
method itself 

In order to interpret coriectly it is necessarj'^ to bear in mind two 
facts (1) that a strongly positive intracutaneous react on with a given 
substance does not necessaiily indicate that it is responsible for an 
illness, and (2) that a negative reaction with a given substance does 
not exclude it as a cause of illness A positive leaction, excluding those 
which occur as a result of tiaumatizing a skin rendered unusually sensi- 
tive by allergy, indicates simply that the skin is sensitne to a given 
substance when given mtiacutaneousl}'- It does not indicate that the 
patient is sensitive to the substance as encountered in natural ways 
In other words, the patient, although actually sensitive, may tolerate 
the substance as encounteied naturall), and in the dosage encountered 
naturally 

One patient subject to no apparent illness, except autumnal hay-fever, gave 
intensely positive intracutaneous reactions to each of about twenty spring and 
fall pollens , to several specimens of animal hair, and to several proteins 
extracted from fruits, vegetables and grains He was ill, so far as one could 
judge, only in the fall, and could relieve himself by a change in geographic 
situation He was evidently sensitive to many substances, but his tolerance 
was such that none except fall pollen as encountered in his mode of living 
made him ill 

A somewhat different ti'pe of case is that of a patient with active tuber- 
culosis who was subject to asthma, regardless of season or geographic situa- 
tion She gave positive skin tests to wheat Avoidance of wheat in the diet 
gave her no relief whatever, but avoidance of contact with flour (inhaled while 
making bread) gave her great relief, even when she ate wdieat bread free y 

This finding might be explained m several ways It is possible that 
the nasal mucous membrane was intolerant of wheat flour when inhaled, 
but was tolerant of the small amount reaching it through the blood 
stream after the ingestion of wheat It may have been, on the other 
hand, that the flour was so changed by cooking or by digestion that 
the product to which she was actually sensitive was destroyed It JS 
well known that patients sensitive to lactalbumin (a protein of milk 
coagulable by heat) who are made ill by small amounts of raw milk 
can tolerate often almost unlimited quantities of boiled milk 
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secietion which persists for several minutes or moie The ill-effect 
of this leaction can also be lelieved by the local use of epinephim 

These tests aie especially useful m pollen cases, and with their aid 
one can often pick out fiom a gioup of pollens which give positive 
cutaneous tests the one particulai pollen responsible foi clinical 
symptoms 

In a palitnl who gave positive inlraculaneous tests to almost every fall 
pollen which was used in testing, Ai tcmcsiaefoha was the only one of the 
group which caused a positive ophthalmic reaction She was treated with 
Ai Icviaiacfoha extract for several months before the hay-fevei season began 
and was apparently rendered so tolerant of this pollen that, although she 
continued to give a positive skin reaction to it, she had no symptoms of hay- 
fever dui ing the entire season The inference might be drawn in this case 
that, although she was sensitive to many pollens before treatment, toleiance 
for all except 4i tc mediae folia was such that she could stand without difficulty 
the amount encountered naturally in her ordinary habits of life 

Ophthalmic and nasal testing is limited m usefulness because rela- 
tively few tests can be made on a patient in one da}’’ A positive 
reaction prevents fuither use of the eye for testing foi a day or two 
A negative reaction does not inteifere with further testing, and often 
if one suspects one of a gioup of, say, six diffeient pollens, the entiie 
SIX may be tried, provided the ones which give the positive leactions 
aie used last 

Patients who are clinically sensitive to a pollen usually leact posi- 
tively to a 1 1,000 solution Occasionally, they do not It is possible 
that stiongei solutions might be used in an effort to piovoke a positive 
reaction We have not studied this point, since a majoiity of patients 
do leact to the solution as described It is not out of line with our 
knowledge of facts that patients who fail to leact to a 1 1,000 solu- 
tion of a given pollen extract can be actually clinically sensitive to the 
pollen as encountered in natuie It must be boine in mind that during 
the pollen season, the conjunctivae encounter pollen diy and untieated 
It IS not difficult to conceive that the exposed tissues may react to dry 
untreated pollen even though insensitive to pollen in high dilution 

Nasal tests aie also useful for testing in a simple way for sensitive- 
ness to animal hair, featheis, or emanations from vegetable matter, etc 
The test can often be made by having the patient inhale from the 
substance to be tested and noting whethei oi not it causes sneezing oi 
othei symptoms resembling hay-fever I obtained a very convincing 
reaction in a caipenter who was troubled with nasal and bionchial 
allergy while in his work shop Pie had a violent attack of sneezing 
when asked to inhale fiom a bag of birchwood shavings The inhalation 
from shavings of seven other woods caused no symptoms whatever 
It IS often possible to get reactions of this sort with feathers or furs, 
or sometimes with solutions such as perfume, cedar oil, turpentine, 
smolve and like substances 



308 


ARCHIVES OF INTERNAL MEDICINE 


testing contain a laige variety of chemical bodies may account for this 
circumstance The alleigen lesponsible for an illness may be the 
largest constituent of the mixture or the smallest constituent If the 
oflendmg alleigen is the smallest constituent, the skin reaction may be 
less marked ^than that produced by mixture containing a less offensive 
allergen in larger amounts It may be mentioned again that marked 
skin sensitiveness does not necessarily indicate marked sensitiveness to 
the substance as encountered naturally 

A woman who had hcen subject for montlis to almost daily spells of 
abdominal pain and vomiting, was emaciated and seemed unable to tolerate 
any type of diet which was chosen for her She gaic positive intracutaneous 
reactions to almost every type of food, although to some much stronger than 
others After many combinations of food in the diet had been tested without 
benefit, she was put on a diet confined to meats and fruits She was absolutely 
free of sj’mptoms while on this diet and gained, in a short time, over 40 
pounds (18 kg ) in weight Manj' attempts were made to add to the diet 
but without success The least digression caused immediate recurrence of 
vomiting and pain Milk and eggs, which did not gne strong skin reactions 
were not tolerated even uhen taken in small amounts 

Although the foregoing facts mat^ be disturbing to those enthusiastic 
ovet the possibilities offered by cutaneous tests, they are less disturbing 
than error, and if one bears m mind the fact that positive skin tests 
indicate sensitiveness only to an allergen as applied in the test and not 
necessarily sensitiveness to an allergen as it is encountered in nature, 
one can often gam many useful clues without being seriously misled. 
A clue gained from a skin test should never be looked on as diagnostic 
but should be used as a clue only The diagnosis should be verified 
by and based on history and examination, and on other tests to be 
mentioned subsequently 

OPIITIIALMIC AND NASAL TESTS 

The ophthalmic and nasal tests are especially useful m picking out 
pollens or other air-carned substances responsible for hay-fever and 
asthma These tests should be made after the results of intracutaneous 
testing have been observed The ophthalmic test is made by spraying 
pollen solution (1 1,000 extract from dry pollen) into the conjunctival 
sac A positive reaction is indicated by redness of the conjunctiva and 
increased lacrimal secretion which persists for more than five minutes 
Momentary redness cannot be considered positive The effect of a 
positive reaction may be immediately relieved by instilling a drop of 
epmephnn (1 1,CX)0 solution) in the conjunctival sac 

The nasal test is made by spraying a pollen solution (1 1,000 solu- 
tion) into the nose A positive reaction is indicated by sneezing, swell- 
ing of the nasal mucous membrane, and watery or clear mucous 
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condition is not self-evident, the diagnosis should not be based on one 
series of facts but on several If allergy is the suspected cause of an 
obscure illness, a positive family history or a history of other typically 
allergic symptoms m the same individual is impoitant confirmative evi- 
dence Cutaneous tests, subcutaneous tests and other specific tests are 
of additional value 

The diagnosis should raiely be considered conclusive, however, until 
the allergen responsible for the illness is found and removed, with 
relief to the patient, and finally confirmed further, if possible, by the 
reproduction of the illness during a well period by the patient’s being 
again bi ought in contact with the suspected substance These criteria 
are important A great many secondary factors aggravate allergic 
symptoms m sensitive individuals and lead to error in diagnosis 
Patients with pollen asthma are usually made worse by several other 
agents which have no untoward effect on them except in the pollen 
season Patients with gastric allerg}'^ due to hypersensitiveness to egg 
will almost invariably be made woise b}'’ lough foods, such as popcorn 
or nuts, by irritating foods, such as paprika or mustard, oi by foods 
which stimulate the secretoi}^ activities of the gastric mucous membrane, 
such as alcohol, salt or sweets, so long as the gastric mucous membrane 
IS m a reactive state due to the ingestion of egg If egg is removed 
from the diet, these foods ma} cause no ill effect whatever 

Secondary factors often mislead both patient and physician, and 
cause one to suspect them rather than the pi unary factor as the cause 
of illness Infection augments the symptoms of nasal and bronchial 
allerg)'- Patients with mild bronchial allergy (not bacteiial in origin) 
are usually much worse during and after an attack of bronchitis The 
organism responsible for the bronchitis might easily be suspected as 
the primary cause of the disoider, but when the allergen responsible 
for the condition is found and lemoved, fuither attacks of bronchitis 
amount to nothing more than slight cough of short duration 

Functional and organic diseases, as well as infectious diseases, can 
modify the symptoms of allergy and mislead a physician, as can 
reflexes also Patients with asthma may be made either better or worse 
by eating a meal, by a movement of the bowels, taking an emetic, 
by changes m barometric pressure, temperature, or dryness of the 
atmosphere, or even by pressuie or change of pressure in the nasal 
sinuses These facts, while relatively simple to read, may be most 
misleading unless one is strict m establishing his criteria, and bases his 
final conclusion, not on one line of evidence, but on every line which 
IS at his disposal 

SUMMARY AND CONCLUSIONS 

Specific hypersensitiveness may be suspected m any person who has 
in his family or personal history, or who on physical examination 
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One must carefully discnmmate between patients who are actually 
specifically hypersensitive to a substance of this kind, and those who 
have a nasal allergy due to other causes and who give a positive nasal 
reaction due to the nonspecific irritating effects of the substance used 
m the test Patients with pollen asthma will frequently be made to 
sneeze or to suffer an aggravation of their symptoms if they inhale 
perfume, smoke or dust The inhalation of these substances, however, 
may have no untoward effect on them except during the pollen season 
In other words, though made worse by their inhalation, these patients 
may not be actually specifically hypersensitive to them 

SUnCUTANEODS TESTS 

Subcutaneous tests ha\e their greatest sphere of usefulness in con- 
firming a given diagnosis If one suspects artemesiaefoha as a cause of 
hay-fever, and can m3ect a small quantity of Ai icmcsxacfoha pollen 
extract subcutaneously during a well period and reproduce the symp- 
toms of hay-fever, he should feel cominced that Ailemesiaefoha is the 
probable cause of illness Similarly, if one believes sensitneness to 
milk is responsible for abdominal pain or bladder disorder, and can 
reproduce these symptoms during a well period by subcutaneous injec- 
tion of milk, he should feel that he is on the right track 

In order to prevent severe constitutional reactions, subcutaneous 
tests should be used with great care, and only minute amounts should 
be injected If one suspects lactalbumm as a cause of asthma, not 
more than 0 0001 c c of lactalbumm should be given subcutaneously 
as an initial dose If this should fail to produce asthma, a largei 
dose might be administered The ill-effect of a reaction can be com- 
bated almost immediately, as a rule, by the subcutaneous injection of 
0 5 cc of epinephnn (1 1,000 solution) If there are no signs of 
relief within two or three minutes, 025 cc doses can be repeated at 
from two to five minute intervals until relief is obtained 

The sensitiveness of some patients to foreign materials is extraor- 
dinary, and anyone dealing with this subject should bear this fact 
in mind One person with asthma whom I observed was so sensitive 
to wood smoke that the application of a drop of Wright’s concentrated 
wood smoke to a scratch on the skin produced not only a wheal which 
reached from shoulder to elbow, but also asthma, coryza, erythema of 
the skin and a general reaction, which necessitated the hasty use of 
several doses of epinephnn 

DIAGNOSIS 

In a relatively large proportion of cases of allergy, the diagnosis is 
apparent, and can be made by history and physical examination (pollen 
hay-fever and asthma, for example) In obscure cases, m which the 
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THE MECHANISM OF PRODUCTION OF BREATH 

SOUNDS 

P MARTINI, MD 

MUNICH, GERMANY 

Since Baas ^ pioposed the theory that vesicular breathing was only 
modified bronchial breathing, two different opinions have prevailed as 
to the origin of the breath sounds According to one theory, the 
specific vibration of the porous tissue of the lung put in motion through 
respiration causes vesicular breathing, the second theory, like that of 
Baas, maintains that the vibrations of the bronchial system alone force 
then specific frequency on the tissues of the lungs and on the chest 
wall, 1 espectively , being there either weakened or strengthened, accord- 
ing to the physical conditions of the vibrations of the air and of the 
conducting tissue of the king To the latter process, the laws of the 
so-called forced vibrations, as first proved by O Frank, ^ should be 
applicable These laws may be of interest 

1 A correct conduction of the sound is possible only if the specific 
sound and the specific frequency,® respectively, of the conductor of 
sound (for instance, of the tissue of the lung) are of a higher pitch 
than all the partial tones of the sound to be conducted 

2 If partial tones of the sound to be conducted are higher pitched 
than the specific sound of the conductor, the)' will be considerably 
weakened 

3 If some are lower, they will be conducted correctly 

4 If a partial tone of the sound to be conducted and the specific 
sound of the conductoi attune in their pitch of tone (frequency per 
second), resonance may result 

If these laws are to be applied to the problem of auscultation, the 
kind of motion of the tissue of the lung, both air-bearmg and solidified, 
which serves as a conductor of sound, both of the air-bearing tissue 

From the II Medical Clinic (Friedrich von Muller) of the University 
of Munich 

1 Baas Deutsch Arch f klin Med 69. 

2 Frank, O Ztschr f Biol 53, 56, 

3 The pitch of the proper sound of a body increases with its firmness. 
It decreases with its size The pitch and frequency of sound and the fre- 
quency per second are proportional 
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shows, certain rather typical manifestations of the condition ocular,, 
nasal, pharyngeal, bronchial or cutaneous symptoms It may be sus- 
pected in patients who show certain less characteristic s}mptoms, if no 
other adequate cause for the disorder is found on examination the 
gastro-intestmal, and bladder symptoms , headache , nervousness , 
asthenia , hypotension, etc The foregoing sj mptoms suggest the possi- 
bility of allergy, especially when the)' occur in the absence of other 
adequate cause for illness, and when the famil) or personal history 
IS positive 

In searching for the source of alleig), or rathei for the specific 
allergen pnmarily responsible for an illness, caieful obser\ation by the 
patient is helpful and often makes complete study and a correct diag- 
nosis possible 

Specific tests are often useful in gaming a clue as to the source of 
allergy The cutaneous tests are useful in young persons or in persons 
sensitive to air-carned allergens The intiacutaneous are more useful 
in the less sensitive persons , i e , older patients, those sensitive to foods, 
and those whose symptoms occur as part of a general reaction Intra- 
cutaneous tests often lesult m positive reactions m patients who are not 
sensitive to the allergen as encountered in nature, and, Mce \ersa, 
persons who are sensitive to certain allergens as encountered naturally 
do not always give positive intracutaneous reactions For this reason, 
care should be used in the interpretation of skin tests, and a diagnosis 
should not be based on the results of these tests alone These results 
should be used as a clue only and should be verified by other special 
tests, such as the nasal and ocular tests, or subcutaneous or clinical tests 

Many secondary factors modify the s) mptoms of allergy, such as 
infectious disease, functional or organic disease, reflexes, agents which 
irritate or stimulate either mechanically, chemicall) or otherwise, so 
that a diagnosis should be based, if possible, not only on the history of a 
case and physical examination but also on the apparent finding of the 
specific allergens responsible for an illness, on removal of the allergen 
with relief of symptoms, and, finally, on reproduction of symptoms 
during a well period by bringing the patient again in contact \wth the 
suspected substance Few mistakes m diagnosis will be made when 
these procedures can be carried out fully, and conclusions can be based 
on adequate data 
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p]cite) were registered (Fig 3) The plate did not predominate over 
the cavity nor the cavity over the plate, but the single parts of the entire 
S}Stem forced their specific vibrations reciprocally on each othei By 
means of such drumhke systems the specific vibiations of one pie- 
dommating system are not forced on the other , the one does not serve 
as a resonatoi to the other, but the specific vibrations of both parts 
are supenmposed equally one upon the other 

Theie is no doubt that the mechanism of the pneumothorax 
resembles closely that of the model just described But this is not the 
case in the same degree under othei pathologic and under normal con- 
ditions Normal conditions may be imitated by filling the wooden box 





Fig 2 — Specific vibrations of the plate 
Fig 3 — Vibrations of the cavity and plate in combination 

Fig 4 — Vibrations registered by model wlien normal conditions were 
imitated 

Fig 5 — Vibrations shown when model approaches pathologic conditions 
Registration shows only vibration of wall , the vibration of the contents has 
completely disappeared 

with a porous tissue, such as cellulose When we did this, two separate 
vibrations were distinctly registered (Fig 4) 

The model approaches the pathologic conditions if filled with moist 
cellulose, thus corresponding to massive consolidation In this case, 
the registration shows only the vibration of the wall, while the vibra- 
tion of the contents has completely disappeared (Fig 5) The mass 
of the contents being greatly inci eased, its sensibility is consequently 
much diminished, so that there can no longer be periodical vibrations 
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and of the solidified one must be clear Furthermore, we should be 
clear about the origin and the qualities of the \ibrations originating in 
the laryngobronchial system 

The fiist task leads to the problem of percussion, the mechanism 
of which has been investigated for many years at our clinic under the 
guidance of Dr Friedrich von Muller We believe that we have 
finall} succeeded m solving this problem experimentally The mecha- 
nism of percussion bears a great resemblance to the beating of a drum 
In both cases a thin wall or membiane is struck, behind which is a 
medium capable of complicating the specific frequenc} of the ivall 
Several authorities ha^e alread} referred to the great importance of 
the drum theoiy in connection Avith the question of percussion, but up 
to the present time there has been no agreement Either too great 
importance was ascribed to the w'all for the formation of the tone, 
leaving to the caMt}- no function but that of a resonator (the natural 
philosophers, chief!}, w'ere ot this opinion, and recently Biishnell 



Fig 1 — Specific vibrations of the cant} 

expounded this theory , or it w^as thought that only the cavity is of 
importance for the pitch of tone, wdiile the membrane only renders the 
transmission of the w’^aves of the sound to the atmosphere more or less 
difficult The majority of physicians believed the latter 

In order to solve the problem a model was required, the paits of 
wdiich could be observed both singly and in combination For this pur- 
pose, I constructed a cube-shaped wooden box wuth strong ^valIs and 
open on one side , this side could be closed with a wmoden plate replac- 
ing the membrane of the drum By means of this box the problem 
w'^as solved graphically 

At first the specific vibrations of the plate and of the cavity w^ere 
registered separately, whereby typical curves w’^ere produced by both 
(Figs 1 and 2) Then the vibrations of the closed s}stem (cavity plus 

4 Muller, Frederic von Verhandl d d Kongr f inn Med 1911, 

f arztl Fortbild , 1912 Lelling, T Arch f klin Med 90 Edens and Eivald 
Arch f klin Med 123 Martini, P Arch f klin Med 139 

5 Bushnell, George E The Mode of Production of the So-Called Vesic- 
ular Murmur of Respiration, J A M A 77 2104 (Dec 31) 1921 
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from the vibrations of the wall Finally, I registered also the note of 
percussion of the thorax with completely solidified lung (Fig 8) 

In accordance with the experience obtained by filling the wooden 
model with moist cellulose, no sound of the lung is produced in this 
case The completely solidified lung is mute, and what we hear above 
it on percussion is nothing but vibration of the chest wall The specific 
fiequency of the solidified lung cannot, therefore, be decided in this 
manner So much for the physical conditions of the tissue of the 
lung, so far as percussion can give any information 

In auscultation, the solid part of the tissue of the lung is to be 
taken into consideration as a conductor of sound under normal condi- 
tions as well as in consolidation The question is. Is this also to be 
considered in the origin of sounds For the solidified tissue we may 
piomptly answei in the negative, because it will be just as mute as on 
percussion For the air-bearing tissue we must, for the present, leave 
the question unanswered 

Now we must ask ourselves whether the air does not also come 
into consideration as a conductoi of sound in the much lamified bron- 
chial system of those portions of the lung that are chiefly solid, as men- 
tioned above, or whether it is of importance only as a source of sound 
The reply to this question depends on the explanation of the origin of 
the laryngobronchial breath sounds I have fully explained in another 
journal ° the reason why I do not believe that the vocal cords are of 
any importance for the origin of this sound, as Geigel has brought 
forward and Bushnell ° has again affirmed After the elimination of 
the vocal cords through entire paralysis or through a tracheoscope, the 
breath sounds show hardly any change This result seems to me to be 
of much more importance than Bushnell attaches to it Where else 
should the bronchial breathing originate after the elimination of the 
vocal cords through a smooth tube, such as the tracheoscope, if not in 
the tracheobronchial ramifications^ And why should this mode of 
origin suddenly lose its value, when the tracheoscope, by the introduc- 
tion of which these vibrations were not alTected, is again taken away? 
That IS what we should have to suppose if the sounds — well audible 
while the tracheoscope was introduced — were no longer audible with- 
out the tracheoscope with wide-open throttle, as stated by Bushnell 
With wide gaping vocal cords I also always hear breath sounds over 
the trachea as well as over the lung when the respiration is rapid 
enough I do not think that the glottis has an essential part in orig- 
inating the bronchial breathing, but in my opinion this sound definitely 
arises from the edges and corners of the bifurcations of the trachea 
and bronchi 


6 Martini Deutsch Arch f klin Med 139. 
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There is no doubt that on percussion of the chest the wall and the 
contents are intimately associated Under normal conditions, the vibra- 
tions of the wall will dominate over the vibrations of the contents still 
less than is the case with our model Indeed, by the graphic registra- 
tion of the human tone of peicussion, only the specific vibrations of the 
contents could be registered, never those of the wall This arose to 
some extent from the insufficiency of the method, but chiefly because of 
the minimal energy of the high tones of the chest wall It was only 
m consequence of the exceptional and peculiarly partial conditions of 
sensibility of our ear that they often predominated so clearly m the 
subjectne character of the sound 

With the help of graphic registration, we found over the chest of 
adults a fundamental note between G and C (from ninety-five up to 
130 vibrations a second) (Fig 6) 


■■■■ 




- 





; ' ! 





■ k^... ■ MTiiJl 


i 




1 


I 




Figure 6 Figure 7 Figure 8 


Fig 6 — Vibrations registered over the chest of adults 
Fig 7 — Percussion of exenterated lungs when percussed by pleximeter 
Fig 8 — Percussion tone of solidified lung 

We found the note of percussion of the exenterated lungs to be of 
exactly the same pitch (Fig 7) when percussed by means of the 
pleximeter 

Therefore, I am strongly inclined to contradict Bushnell,® when he 
says “that the sound of percussion, as it reaches the lung, contains the 
fundamental note,” and that it is due to the resonance of the lung of 
this specific tone of the chest wall, Avhich corresponds to its specific 
tone The experiments with our model showed that the specific vibra- 
tions of the wall and of the cavity of the box, which are coupled with 
one another, are simply superimposed on each other On percussion 
the same fundamental note was found, whether the lung is percussed 
directly or by vray of the chest wall This can signify only that the 
chest wall has little influence on the pitch of the vibrations of the lung 
and that the vibrations of the contents of the thorax are pure specific 
vibrations from the beginning, which have their own existence apart 
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According to Bushnell, the predomination of the high o^ertones of the 
bronchial breathing can only be explained on a two-fold supposition 
First, Bushnell supposes that in bronchial breathing the bronchi, but 
chiefly the mouth and the nasophar}uix, serve as resonators This I 
must contradict , there is not reason why resonance should only be pro- 
duced in these cavities in consolidations and not in normal conditions 
In an earlier publication I have explained why I cannot also acknowledge 
resonance in the smaller bronchi as the original cause of the bronchial 
breathing, as Sahli supposes it to be And still less can it be conceded 
that, “in massive consolidations of any kind, the deep and medium- 
pitched tones are suppressed,” or, in other words, that the solidified 
lung cannot give covibrations with the deep tones of the laryngeal 
sounds, as supposed by Bushnell The well founded laws of forced 
vibrations aie in absolute opposition to this, as has been our experience, 
telling us that even tones as deep as the low c (128 vibrations a second), 
which he in the lower limit of the human voice, are better propagated 
through a solidified (infiltrated) lung (Fig lOo), than through an 



Fig 10 — Registration of low tones propagated a through a solidified lung, 
b, through an air-bearing lung 


air bearing (normal) one (Fig 10&) The bronchial breathing which 
is audible over solidified tissue, may rightly be considered, as a correctly 
propagated specific vibration of the air of the bronchial system 

Some time ago, by means of resonators. Dr Muller estimated the 
pitch of the bronchial breathing between d“ and d^ With the same 
method, I found an upper limit of c^ (about 1,000 vibrations a second) 
and a lower one of d- to e^ In another paper," I have stated why the 
results which are obtained through resonators can claim but limited 
validity We tried, therefore, to register the bronchial breathing 
objectively from the chest wall and found pitches from e^ to d^ and 
from 300 to ’500 vibrations a second, respectively, never lower ones 
The periods were always regular, which was to be expected on account 
of the characteristic, almost musical sound The conformity with the 
lower limit of reach of the bronchial breathing which was established 
by means of the resonators, is evident (Fig 11) 


7 Deutsch Arch f klin Med 139 265 
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The larynx is therefore not the origin of the tone whence the sound 
vibrations are conducted to the periphery of the lung, hut the whole 
tracheobronchial system down to the smaller bronchi is to be looked on 
as the origin Under what conditions will this original sound, the 
specific sound of the air-filled bronchial tree, be clearly audible^ Can 
we auscultate it unaltered^ Of what kind of vibrations does it consist^ 
In any event, we can be certain of obserMng the specific note of the 
bronchial system by itself, that is, without the addition of other sounds, 
only when the elimination of specific vibrations of the solid tissue of the 
lung IS guaranteed This is the case in massue consolidation, when, 
as can be shown, the solid tissue of the lung is completel}'^ mute The 
site for auscultation of the vibrations taking place in this bronchial 
system has to be connected with a bronchus in solidified tissue by a 
correctly conducting tissue The best waj to ascertain the degree of 
capacity of a bod} is to obserce by objectne registration, if possible. 



F'g 9 — Registration of vot\cls and vord sounds made by patients with 
massive consolidation of lungs into a registering apparatus, A , also sounds 
coming from a solidified lung, B , from a normal lung, C 


how it modifies known tones and sounds in their passage through it 
We made patients with massive consolidation speak vowels and words 
into a registering apparatus (Fig 9a) and, in addition, we registered 
the same sounds coming from the solidified (Fig 9&) as well as from 
the normal lung (Fig 9c) The results were curves such as we see 
in Figure 9c 

The figures show that the vowel “A”, in passing through the lung, 
retains very ivell its characteristic high overtone of ca-l,C)00 vibrations 
a second, while it loses it completely ivhen passing through the air- 
bearing lung If^ accordingly, the solidified lung is still a good con- 
ductor of tones of 1,000 vibrations a second, it will also be able to 
conduct correctly the specific vibrations of the bronchial system Thus 
one hears through a solidified lung, which is laid on the trachea, the 
voice as ivell as the tracheal breathing, including their high overtones 
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This also was shown giaphically (Fig 12) Its vibrations are 
much moie irregular than those of bionchial bieathing, the funda- 
mental fiequency fluctuates incessantly between 100 and 200 vibiations 
a second, which is not astonishing because of its noisy character Thus 
vesicular bieathing is not only lelatively, but absolutely, deepei than 
bionchial bieathing While these observations cannot be in accoid with 
the supposition of entirely forced vibiations and of resonance, lespec- 
tively, they leave no doubt that, besides the vibrations of the bronchial 
system, anothei factor is also of great importance in originating the 
mspiratoiy bieath sound which is audible over the air-beaiing lung 
Only the specific vibiations of the tissue of the lung can be taken 
into consideiation as such Bushnell has hinted at the affinity between 
vesiculai bieathing and the noimal note of peicussioii He thinks that 
in eithei case the same lesonator responds with its specific tone, in one 
case to the vibrations of the bronchial system, in the other to the vibra- 
tions of the chest wall There is no doubt that an affinity exists 
between the two , but we considei the role of the lung in the origin of 



Fig 12 — Vesicular breathing 


the percussion-sound and vesicular breathing moie impoitant than that 
of a resonatoi We think that the percussion sound corresponds to the 
sound of a string which has been stiuck, while we might compare the 
vesicular murmur to the sound produced by a suddenly strained string 
Both tones of the string aie different in their color of sound, but then 
fundamental frequency is of the same pitch We could assume the 
same of the suddenly distended and of the percussed lung, and indeed 
we have found that then pitches agree to a considerable degree The 
pitch of the pel cussed normal lung lies between G and c and even the 
deepest paitial tones, which are contained in the vesicular murmur, 
reach as far down as the deep G This conformity of the fundamental 
frequency makes it probable that percussion and inspiratory tension aie 
but two diflerent methods of bringing the lung out of its equilibrium 
The lung endeavors to lecovei this state of equilibrium, around which 
it vibiates peiiodically and with the same fundamental frequency, just 
as a violin string when struck and when suddenly strained gives differ- 
ent colors of sound, but the same fundamental tone 
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As to the overtones, which aie clecisne for the harsh “bronchial” 
character of the Ijronchial breathing, the cun^es gave no evidence, 
because of the probability that the absolute intensity of the overtones 
was again very small, much smaller than might have been supposed 
judging by the subjective acoustic impression 

Concerning vesicular breathing, Bushnell asserts that the physiologic 
(normal) breathing is only modified larjngeal breathing I have 
attempted to prove that the latter is identical with bronchial breathing 
We know now its pitch of tone — its fundamental tone reaches at the 
utmost to e^ (300 vibrations a second) and lower We are also 
sufficiently informed about the specific frequency of the conductor of 
sound, in this case that of the air-bearing tissue of the lung With 
regard to the height of pitch, it will coincide with the established pitch 
of tone obtained on percussion of the noimal lung, consequently, in 
normal adults, it will lie between A and c (about 100 and 130 Mbrations 
a second) Recently I have been able to define graphically the ma\i- 



Fig 11 — Bronchial Breathing 


mum resonance of the lung On the whole, it ^\^s found (working with 
men only, women’s voices being too high-pitched) that the maximum 
always lay in the pitch of the sound of percussion (Fig lOct) Rs 
quality as a specific tone of the lung was thereby newly affirmed Also 
the frequency (pitch of tone) of the specific tone of the bronchi (c^ to 
d^ = 300 to 550 vibrations a second) was higher m each case than the 
specific frequency of the air-bearing, sound-conducting lung In conse- 
quence of this proportion — according to the laws mentioned m the 
foregoing all specific vibiations of the system of the bronchi would be 
weakened while passing through the normal lung, the highest would 
even be extinguished entirely A decreasing and relative, deepening of 
the breath sounds would follow In reality this is observed when 
auscultating the trachea through an air-bearing lung This explanation 
IS not sufficient for the normal vesicular breathing heard over the 
human thorax it will be eliminated by establishing the absolute pitch 
of tone of the vesiculai breathing 



SENSITIZATION TESTS WITH DIGESTIVE PRODUCTS 

OF PROTEIN ’ 
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BOSTON 

That sensitization to proteins occurs is well established Ihe only 
evidence so far produced is that it is the undigested piotem that 
sensitizes and causes symptoms Fiequently, one meets with conditions 
the symptoms of which would seem to be due to protein sensitization, 
even though the piotem tests are negative For this leason it seemed 
to be advisable to try sensitization tests with the decomposition products 
of pioteins 111 order to deteimme whether or not they might sensitize and 
cause anaphylactic symptoms when the whole protein failed to do so 
The present work, however, would seem to show that the decomposition 
products do not sensitize human beings and do not play a part in human 
anaphylaxis 

We first attempted to digest egg white with noimal human duodenal 
contents in order to simulate as neai as possible normal digestion, but 
this expel iment was a failuie because of leasons noted below 

DIGESTION OF EGG WHITE WITH HUMAN DUODENAL CONTENTS 

The whites of a dozen hard boiled eggs weie piessed through a 
potato ricer and then placed m a 2 liter flask with 1,500 cc of watei 
The contents were acidified with hydrochloric acid to appioximately 
tenth normal, then 100 c c of fiesh pig stomach extract was added 
and the mixture incubated at 37 C until the egg white was completel} 
liquefied Ten cc of this liquefied egg white was titrated with sodium 
carbonate, and then enough sodium carbonate was added to make the 
entile liquefied egg white appioximately tenth normal alkaline To this 
weie added 100 cc of normal human duodenal contents, obtained by 
a duodenal tube, and the mixture was incubated two days at 37 C 
At the end of this time a slightly modified protein was shown by the 
Biuret test Bacterial action was more pi onounced than enzyme action , 
in fact, the enzyme had lost most of its activity The foiegoing process 
was repeated on liquefied egg white in a neutral medium rather than 
in a tenth noimal alkaline medium, without obtaining better results, 
that IS, the egg was no more changed than it was when digested in the 
alkaline medium 

’‘■From the Medical CImic of the Peter Bent Brigham Hospital The 
expense of this investigation was defrayed by the Surdna Foundation of 
New York 
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SUMMARY 

Just as on percussing the an -containing King, the specific sounds of 
the two mutual!} dependent and connected systems — chest wall and 
lung — determine the percussion sound, so the breath sound over the 
air-contaimng lung is composed of tA\o specific sounds that of the 
bronchial system and that of the air-containing lung tissue 

Only the sound of the chest wall is heard on percussion o\er a 
massively infiltrated lung, the lung itself remains mute The specific 
sound of the infiltrated tissue has no part in bronchial breathing 
obtained over an infiltrated lung Pathologic bronchial breathing is 
merely the expression of correctly transmitted iibrations 

During respiration the air in the bronchi is caused to vibrate in the 
form of split and cut sounds The glottis is not necessar}^ for this 
purpose 

The graphic legistration of the “lung tra\ehng voice” shows the 
great importance of the laws of the so-called forced vibrations in the 
problem of auscultation 
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The intestine extract was prepared from fresh pig in the following 
manner Twenty-five feet of intestines beginning at the pylorus were 
washed by running cold watei through , then the intestine was chopped 
finely and allowed to soak over night in 250 c c of tw^entieth normal 
hydiochloric acid wdiich contained 1 per cent of glycerin The followung 
day the mixture ivas strained through cheese cloth, then through cotton 
and pteserved by the addition of 1 c c of a 5 per cent alcoholic thymol 
solution and kept on ice 

Digestion of Egg White — The whites of a dozen hard boiled eggs 
were pressed through a potato ricer and placed in a 2 liter flask ivith 
1,500 c c of 0 1 per cent hydrochloric acid, and a small amount (usually 
4 c c ) of alcoholic thymol (5 gm thymol dissolved m 100 c c of 95 per 
cent alcohol) ivas added to prevent bacterial growth To the contents 
of the flask were added 75 c c of fresh pig stomach extract and 
incubated over night in a w^ater bath at 40 C Then 75 c c more of pig 
stomach extract were added and incubated anothei twenty-four hours 
At the end of this forty-eight hours’ digestion, 300 c c were removed 
and called fraction No 1 The remaining contents of the flask from 
which No 1 was withdrawn were made slightly alkaline (refer Table 1) 
to litmus by the addition of a saturated solution of sodium carbonate 
Then 25 cc of pancreas 'extiact and 20 c c of intestine extract were 
added Incubation was continued for forty-eight hours at 40 C , at 
the end of which time 200 c c were removed and called fraction No 2 
From now on the piocess remained the same, namely, at the end of each 
forty-eight hours of incubation a fraction was withdrawn until a total 
of five or SIX fractions were obtained After withdrawal of each frac- 
tion, 25 cc of pancreas extiact and 20 c c of intestine extract were 
added Throughout the digestion, after fraction No 1 had been with- 
diawn the contents were kept alkaline by the addition of a little sodium 
carbonate, but not more alkaline than 0 1 normal Thymol was present 
throughout to prevent bacterial growth 

A similai experiment was carried on without thymol, thus allowing 
bacterial growth to take place, with the result that digestion proceeded 
much more rapidly, and the amino acid stage was reached much more 
rapidly Since the bacterial action would complicate the enzyme and 
foreign substances other than those due to simple enzyme activity would 
be formed, thymol was added as noted above 

Digestion of Beef, Pork and Lamb — One and one half pounds 
(680 gm ) of finely chopped lean meat were placed in a 2 liter flask 
with 1,500 cc water and sterilized in the autoclave at 15 pounds’ 
(7 kg ) pressure for twenty minutes The mixture was then cooled to 
loom temperature, made slightly acid to litmus with hydrochloric acid, 
and the same piocess as described for egg white was then earned out, 
except that only 2 c c of thymol solution were added 
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Since it was thought piobable that natuial digestion was earned on 
wntli a gieatei dilution of protein than that w'e had used (our egg being 
very concentrated), w'e tiied a dilute solution of peptonized egg white 
After three days of incubation wulh 150 cc of duodenal contents, the 
biuret reaction showed a light pink, showung that digestion had 
piogressed furthei than it had wuth the concentrated egg wdnte A 
biuret-free stage, how^evei, could not be leached without having present 
a considerable amount of bacteria wdiich w'ere probabl} due to con- 
tamination of the duodenal contents, since the liquefied egg and con- 
tainers had been sterilized 

By further expeiimentation, we found that duodenal contents w^ould 
completely digest a w'eak solution of protein, proMded the duodenal 
contents contained sufficient natural buffer We did not know, how- 
ever, how much of the digestion was due to bacteria and how much 
w^as due to enzyme activity 

Therefore, since too dilute a solution of protein had to be used 
m the digestion by human duodenal contents, and furthermore since the 
duodenal contents contained bacteria which piobably are not present in 
a person and wdneh pla 3 '^ed some part m digestion although we could 
not tell of how' much import the}' W'ere, another method of digesting 
pioteins w'as employed — artificial digestion 

ARTiriCIAL DIGESTION 

The common food proteins, namely, egg, wdieat globulin, milk, beef, 
lamb and poik, wdiich often cause asthma, eczema and perennial hay- 
fever, and to wdiich such patients are sensitized, w'eie selected for the 
digestion expeiiments These proteins w'ere digested in the followung 
manner 

Evt} action of Enzymes fiont Fiesli Glands — The fresh pig stomach 
extract referred to in the digestion of the proteins w'as obtained as 
follow's The glands were removed from the wall of fresh pig’s 
stomach, w'ashed m cold w'atei for a few' minutes, cut up finely and 
allow'ed to soak ovei night m twentieth normal hydrochloric acid con- 
taining 1 per cent of glycerin, 250 cc of acidulated glycerin solu- 
tion w'eie used foi each stomach gland The mixture w'as stiained 
through cheese cloth and then through cotton , the filtrate should be 
almost clear The filtrate w'hich contained the enzyme pepsin was 
preserved with 1 c c of a 5 per cent alcoholic th} mol solution and 
kept in the icebox 

The pancreas extract was obtained by chopping finely fresh pig 
pancreas and allow'ing it to stand over night in 200 c c of one hundredth 
normal hydrochloric acid, to w'hich was added 1 c c of glycerin The 
following day the mixture w'as strained thiough cheese cloth and then 
through cotton The extract w'as preserved by addition of 1 c c of a 
5 per cent alcoholic thymol solution and kept on ice 



WALKER ET AL —SENSITIZATION TESTS 


327 


The casein used in the table was a solution of 1 gm casein in 100 c c 
water and 4 c c tenth normal sodium hydroxid The enzyme used con- 
sisted of 1 c c of pancreas extract (already described) and 1 c c 
intestine extract (already desciibed), diluted with watei Two cc of 
a 25 per cent metaphosphonc acid solution -was used to precipitate 
the protein The various tubes containing the ingredients as pei table 
w^ere incubated 30 minutes at 40 C 

The foregoing experiment definitely show'^s that trypsin has five 
times more proteolytic activity in a one fifteenth molecular alkaline 
phosphate solution than it has in a one fifteenth moleculai acid phos- 
phate solution For this reason, m the digestive experiments, the acid 
reaction after pepsin digestion w'^as changed to an alkaline reaction 
before the addition of tiypsin 


SENSITIZATION TESTS WITH THE DIGESTIVE FRACTIONS 

It seemed desirable fiist to test the digestive fi actions on a group 
of patients who gave positive cutaneous tests with the whole protein, 


Table 1 — The Effect of Acid and Alkaline Phosphate on Tiypsin 


1 

Tube 

Casein 

1/15 Molecule 
Sodium 
Phosphate 

1 

1/15 Molecule 
Potassium I 
Dihydrogen | 
Phosphate 

Dilute 

Enzjme 

Solution 

Mg Nitrogen 
per 100 C c of 
Filtrate 

I 

5 c c 

0 c c 

5c c 

1 c c 

04 

II 

5 c e 

1 c c 

4 e e 

1 e c 

035 

HI 

See 

2 c e 

See 

ICC 

1 40 

IV 

6 c c 

3 c c 

2 c c 

ICC 

200 

V 

See 

4 e c 

1 ec 

ICC 

3 30 

VI 

5 c c 

5 c c 

0 c c 

1 c c 

500 


in other words, to test knowm sensitive patients ivith the digestive 
fractions In Table 2 are presented the results of the cutaneous test 
with both the whole protein and its digestive fi actions Foi con- 
venience the table is divided into Part A and Pait B The first column 
of each part shows the patient’s diagnosis, the second column contains 
the patient’s initials, the third column shows the particular protein to 
which the patient is sensitive and also the size of the cutaneous reaction 
or the degree of sensitiveness of the patient to that protein , for instance, 
a plus means a wheal at least 0 5 cm m diameter, a 1 -f- means a little 
larger reaction, a 2 -|- mean a wdieal at least 1 cm m diameter, and so 
on The columns headed digestive fractions gives the results ivith each 
fraction of the pi otem to wdnch the patient is sensitive , a ± means a 
doubtful reaction, 1 — means a more definite i eaction than ±: but not 
enough to call a -{- and a question mark means that there was a slight 
reddening or irritation wdiich should piobably be called negatne In 
fact, probably all reactions labeled zt oi question maik should be called 
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Digestion of Milk — In a 2 litei flask weie placed 1,500 cc of 
skimmed milk, to \\hich weie added 1 c c of h^diochloiic acid and 
2 cc of thymol Fiom now on the process was identical with that 
described for egg white 

Piepaiation and Digestion of Wheat Globulin — Whole wheat flour 
(300 gill) was placed m a large container and exti acted twice with 
4 liters of 10 pei cent sodium chlorid The mixture was stined until 
the floui and salt weie thoroughly mixed and is allowed to stand 
thiee days In a similai manner the wheat floui was extracted a second 
time with 4 liters of 10 pei cent sodium chlorid, thoroughly mixed 
and allowed to stand thiee da}s The floui settled to the bottom and 
the pinkish supeinatant fluid was siphoned ofi: From the supernatant 
fluid obtained from both extractions togelhei, the globulin w'as pie- 
cipitated by satuiation with sodium chlorid The precipitated globulin 
settled to the bottom aftei several days so that the supernatant fluid 
could be decanted and the contents at the bottom of the flask centii- 
fuged at high speed, thus sepaiating out the globulin The globulin 
w'^as then placed in a 2 htei flask to wdiich 1,500 c c of water were added 
and sufficient hydrochloric acid to make the mixtuie slight!} acid to 
litmus Three cubic centimeters of th}mol solution weie added, and 
from then on the piocess was the same as described for egg wdnte 

FURTHER TREATMENT OF DIGESTR E FR\CTIONS 

The various fractions of digestion w^eie treated as follows In order 
to have them in a dry powdered form, each fraction w'as e\apoiated 
slowly on a water bath until an almost dry, sticky residue w'as obtained 
Then 50 c c of 95 per cent alcohol w'^eie added and thoroughly mixed 
wnth the sticky residue and again evaporated This pi ocess w^as repeated 
four times to remove w^atei The residue w^as final!} di led m a vacuum 
desiccator containing sulphuric acid and powdered wnth a mortar and 
pestle The powdei is very hydroscopic and needs to be kept m air 
tight bottles With wheat globulin the fractions w^ere evaporated to 
dryness on a water bath placed in front of an electiic fan which kept 
the air over the evaporating dish m circulation To the dry residue, 
100 c c of absolute alcohol were added, and the mixture was allow'ed to 
stand at room temperature for thirty minutes Then the mixture w'^as 
stirred, filtered, pressed through a filter paper to expi ess as much alcohol 
as possible and finally dried in a sulphuric acid vacuum desiccator 
When dry the substance may be powdered as w^as done with the other 
digestive fractions, as already described With the wffieat globulin 
digestion was carried through five fractions rather than six as w'^as the 
case with the other food proteins 

Table 1 shows why, after pepsin digestion, the mixture was made 
alkaline before the addition of trypsin 
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protein, and in only fi\e instances were the tests with the fiist two 
fractions as positive as with the whole protein In the majority of cases, 
there was a deciease in the positiveness of the leaction as the succeeding 
fractions weie tested In cases C P with egg, ACC with lamb, 
A J A with pork, and P K with beef, the fifth and sixth fraction 
did leact more strongly than the other fi actions, but these leactions 
were less marked than the reactions given by the whole undigested 
proteins, with only one of these four patients (P K ) was the reaction 
given by the fifth or sixth fraction a real positive, and with this case 
the sixth fraction was negative Therefore when digestion was most 
complete and the gieatest quantity of ammo acids were piesent in the 
substance being tested, an occasional weakly positive i eaction was given 
but such reaction was in no instance as large as that given by the 
undigested protein From this part of the table it might be concluded 
that the digestive products of protein probably do not sensitize, or at 
least when the whole or undigested protein does give a definite positive 
reaction, its digestive products give less positive reactions, and the 
more complete the digestion is the less is the reaction given 

In Part B of Table 2 are represented three patients who had eczema, 
one who had angioneui otic edema, ten who had bronchial asthma and the 
fifteenth or last patient who had gastro-intestinal cramps and colic 
111 only three instances did the first fraction of digestion give any 
reaction, and m only one (P K ) was the reaction definitely positive 
These three reactions might well be due to the presence of undigested 
protein In no instances did the other fractions of digestion give any 
reaction Theiefore this part of the table furnishes strong evidence 
against sensitization to the digestion products of proteins m those 
patients who are definitely sensitive to the whole protein 

Since known positive food cases, as shown in this table failed to give 
positive reactions with the digested products, it would not be expected 
that patients who failed to be sensitive to the whole protein would be 
sensitive to the digestive products A large number of patients who 
had bionchial asthma and eczema, and who failed to give a positive 
cutaneous test with whole proteins, were tested with these digestive 
fractions, and in only two instances were leactions obtained One, a 
patient with eczema that leacted slightly to casein, did react moie 
positively to fractions one and two of milk, but failed to react to the 
other fractions The other patient also had eczema and did react 
positively to the first four fractions of wheat globulin, wheieas whole 
wheat globulin and fraction five failed to react These two cases, how- 
ever, considering the large number tested, do not change the conclusions 
aheady stated, namely, that the digestive products of proteins probably 
do not sensitize 
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negative, and those designated 1 ■ — probably mean nothing when 
compared with such definite leactions as were given by the whole 
protein 

The first five patients m Part A of Table 2 had eczema, the sixth 
had angioneurotic edema and the remaining twelve had bronchial 
asthma It is noted that the majority of the patients reacted positively 
with the first fraction of digestion, and nearly all of these same patients 


Table 2 — Results of Cutaneous Tests xvith Whole Piotein and Its 

Digestive Fi actions 


Diagnosis 

Patient 

Protein 

Digestive Fractions 

1 

2 

3 

i ^ 

5 

a 

Part A 

Eczema 

Eczema 

Eczema 

Eczema 

Eczema 

Angioneurotic edema 
Asthma 

Asthma 

Asthma 

Asthma 

Asthma 

Asthma 

Asthma 

Asthma 

Asthma 

Asthma 

Asthma 

Asthma 

r H 

G H W 

0 P 

r D 

W J D 
ACC 

J r p 

M E B 

0 G P 

A J A 

P K 

P E 

J L 

J M 

W T M 
Bar 

1 

Globulin 
! Egg 
i Globulin 
Globulin 
Fgg 
i MllX 
Globulin 
i Globulin 
Pork 

Eamb 

Globulin 

Globulin 

Globulin 

Pork 

Beef 

Globulin 

Globulin 

Globulin 

Globulin 

Globulin 

+ 

1 + 

+ 

+ 

+ 

2+ 

1 + 

+ 

a- 

+ 

3+ 

1 + 
2+ 

1 + 
1 + 

+ 

4- 

2+ 

*1 + 

1 + 

■+■ 

+ 

1 — 

? 

+ 

-f- 
1 + 
1— 

0 

1 + 

1 + 

+ 

0 

? 

5ii 

+ 

-p 

? 

+ 

+ 

1 — 

1 — 

■+■ 

? 

■p 

+ 

0 

- 4 - 

+ 

+ 

H- 

1 — 

+ 

- 4 - 

0 

+ 

0 

7 

0 

7 

1 + 

0 

7 

1 - 

' 

4* 

0 

1 - 
- 4 - 1 
0 

zt 


- 4 - 

- 4 - 

0 

0 

0 

- 4 - 

7 

0 

1 — 

1 — 

■± 

- 4 - 

1 — 

+ 

7 

0 

± 

•4* 

0 

± 

1 — 

0 

0 

1 — 

1 — 

7 

Part B 







j 



Eczema 

R J 

Casein 

+ 

0 1 

0 

0 

0 

0 

0 

Eczema 

G H W 

Egg 

"i" 

0 

0 

0 

0 

0 

0 



Milk 

+ 

0 

0 

0 

0 

0 

0 

Eczema 

E D 

Fee 

2+ 

0 

0 

0 

0 

0 

0 

Angioneurotic edema 

F 

Beef 


0 

0 

0 

0 

0 

0 

Asthma 

ACC 

Beef 

+ 

0 

0 

0 

0 

0 

0 

Asthma 

J E 

Globulin 

2+ 

0 

0 

0 

0 

0 


Asthma 

A 0 F 

Egg 

1 + 

0 

0 

0 

0 

0 

0 

Asthma 

C A N 

Pork 

+ 

0 

0 

0 

0 

0 

0 



Eamb 

+ 

0 

0 

0 

0 

0 

0 

Asthma 

P H F 

Pork 

1 + 


0 

0 

0 

0 

0 

Asthma 

F S 

Globulin 

1+ 

0 

? 

0 

0 

0 


Asthma 

E McC 

Egg 

1 + 

? 

? 

7 

7 

7 

7 

Asthma 

L S 

Globulin 

+ 

1 

f 

7 

7 

7 




Egg 

+ 


0 

0 

0 

0 

0 

Asthma , 

P K 

Egg 


1} 

0 

0 

0 

0 

0 



Globulin 

+ 


0 

0 

0 

0 


Asthma 

H F B 

Pork 

+ 

1 — 

0 

0 

0 

1 

? 

G I 

Dr B 

Pork 



0 

0 

0 

0 

0 


reacted positively to the second fraction , but in only five instances did 
the third fraction give a positive reaction, the fourth fraction gave 
positive reactions in only three instances, and the fifth fraction in four 
instances , the sixth fraction gave a weak test in three of the seven 
cases tested In other words, the first two fractions reacted more 
nearly like the whole undigested protein, and their positive reactions 
might well be explained as being due to the presence of the original 
protein which had not yet been acted on by digestion, in no instance 
did the first two fractions react more strongly than the original whole 
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that the delivery tube (one side aim) was at an angle of 45 degrees, 
and It was inseited into the neck of another or receiving flask which 
was held at the proper angle by means of a clamp The other or 
free side arm was used for applying the vacuum A manometer placed 
in the vacuum line helped to contiol the temperature by applying 
approximately the same degree of vacuum from day to day, a vacuum 
of 480 mm of meictiry was used 

In a similar manner wheat globulin, milk and beef were tieated, and 
from each five fi actions weie obtained for use in testing patients 

A series of twenty-five patients who were sensitive to one or more 
of the whole pioteins were tested with all of the bacterial fractions 
obtained from each protein A table illustrative of these tests would 
be too long and too complex to be of any advantage, therefore a 
general summary of such a table is given About one third of the 
patients failed to give a positive reaction with any of the fractions and 
another third gave positive reactions with most of the fractions How- 
e^er, as many patients who weie negative to the whole protein gave 
a positive reaction with its fractions as did those who gave positive 
reactions with the whole piotein In other woids, the fractions gave 
positive leactions irrespective of whether the whole piotein did or did 
not react positively In the remaining third of the series, some of the 
fi actions reacted positively, but the majority of the fractions failed to 
leact , more often, those who would be expected to react positively failed 
to do so, and vice veisa The fractions obtained from the digestion of 
all proteins with Bacillus coh-coimmtms gave the largest number of 
positive leactions, and the fractions obtained from the digestion of all 
four proteins by Bacillus acidophilus gave the smallest number of posi- 
tive reactions These results could not be correlated with the positive 
tests with the whole protein Furthermore, in no instance was a two 
plus reaction obtained, and often a doubtful or ± reaction was given 
From these varying and erratic results, we felt that we were getting no 
tiue anaphylactic reactions, but instead that the fractions were irritative 
to the skin and nonspecific leactions were being obtained due to irri- 
tation of the fractions 

In order to determine whether the fractions were irritative to the 
skin or not, thereby giving false reactions, a series of twenty-five patients 
who had various conditions and whom we had no reason to believe were 
sensitive to piotems and m whom the whole protein gave negative 
reactions, were tested with all of the fractions obtained from the four 
proteins that were digested with the bacteria In other words, the 
foregoing experiment was duplicated, using known negative cases In 
this series of cases, one third gave negative reactions with all of the 
fractions of all four proteins Four other cases gave positive reactions 
with beef digested with Bacilli coh-commums alone but were negative 
to all of the other fractions of beef as weM as to milk, globulin and 
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‘ ARTIFICIAL DIGESTION WITH BACTERIA 

As alieady stated, the previous digestion experiments weie carried 
on under sterile conditions Since in the human intestinal tract bacteria 
aie normally present, we alloi\ed bacteria to digest or act on the pro- 
teins As bacteiia probably play little oi no pait in digestion of proteins 
m the stomach, duodenum and upper intestinal tract, we digested the 
proteins as previousl}- described up to and including the point where 
the second fraction was removed, m other words, we allowed the 
proteins to be acted on by pig stomach extract m the presence of 
hydrochloric acid for forty-eight hours, then neutralized and allowed 
pig’s pancreas and intestine to act on the proteins for forty-eight hours 
The mixture was then sterilized at 15 pounds’ pressure for twenty 
minutes in order to kill the enzymes and stop their actnity This 
partially digested piotem mixture, as shown by the fact that the biuret 
test showed no true protein to be present, was equally dnided into 
three parts, and each pait was placed into a sterile flask To the contents 
m each flask weie added 2 gm of lactose and 3 c c of glyceiin in 
order to gi\e the bacteria about to be added a moie nutrient medium 
until they might become adapted to growth in the protein digestion 
mixture We selected Bacillus acidoplnlous, Bacillus coli-commwns and 
Bacillus platens for continuing the digestion, because the former is a 
normal inhabitant of the infant’s gastro-intestinal tract, and in the adult 
Its administration seems to be efficacious m the relief of some conditions, 
more especially lathe lelief of obstinate diarihea and digestive disorders 
The latter two organisms are normal inhabitants of the gastro-intestinal 
tract of older persons, and in addition Bacillus coli-commnnis does 
decompose proteins, or is pioteol}tic 

One flask was inoculated with each of the foregoing organisms and 
incubated foi four dajs at 37 C At the end of this time, the contents 
of each flask were examined to make sure that the bacteria were still 
aln e One hundred c c were withdrawn from each flask, sterilized 
and evaporated to 8 c c under vacuum at a temperature not aboi e 
50 C These samples were called fraction No 1 The remaining 
contents of each flask weie incubated another period of foity-eight 
houis, after which the contents were examined to demonstrate that 
the bacteria were still living , then another 100 c c were withdrawn 
and sterilized and evapoi ated as before This was called fraction No 2 
In a similar manner, fractions No 3, No 4 and No 5 were obtained 

All fractions were then heated for one hour at 65 C , after which 
they were transfeired to sterile bottles and kept on ice for future use m 
testing patients 

The evaporation of each 100 c c withdrawn was carried out in the 
following manner Into flasks with two side arms were placed the 
100 c c of digestion mixture , the flask was suspended in a water bath so 



WALKER ET AL—SENSITIZATIOK TESTS 333 

or diminished to any appreciable extent the irritability of the fractions 
For these reasons further experimentation with these bacterial frac- 
tions was discontinued 

Although further consideration of the bacterial digestive products 
seemed to be unwarranted, the testing of eczema patients with the sterile 
fraction was continued until a series of fifty persons was completed 
The results verified the conclusions aheady stated Therefore, con- 
trary to our expectations, eczema patients are not sensitive to the 
decomposition products of proteins, and we have no evidence that the 
partially or completely digested protein causes eczema When proteins 
cause eczema, as they often do, the whole or undigested protein is the 
causative agent 

SUMMARY 

We attempted to digest proteins with normal human duodenal con- 
tents but failed because the action of the bacteria which was present in 
the duodenal contents was moie pronounced than the activity of the 
enzymes , furthermore, too dilute a solution of protein had to be used 
to make the results practical 

Artificial steiile digestion using pig’s stomach, pig’s pancreas and 
pig’s intestine extracts was successful Since egg white, beef, pork, 
lamb, milk and wheat globulin are^the usual proteins to which patients 
with asthma and eczema are sensitive, these proteins were selected for 
digestion Every foity-eight hours a fraction of digestion was removed, 
namely, fraction No 1 after forty-eight hours in the presence of stomach 
extract and hydrochloric acid, fraction No 2 after forty-eight houis in 
the presence of pancreas and intestine extracts m an alkaline medium, 
and fraction Nos 3, 4, 5 and 6 each after forty-eight hours’ successne 
intervals The proteins soon lost their identity as such, and the ammo 
acid stage was gradually reached until in the last two fractions only 
ammo acids were present The various fractions were treated until a 
dry, hydroscopic powder was obtained, and with these cutaneous tests 
were made 

In Table 2 are presented the lesults of tests with these fractions 
on known sensitive patients The first two fractions reacted positively 
m a number of cases, but it is not certain that sufficient undigested 
protein was present to account for these positive tests The later frac- 
tions usually reacted only slightly positively or not at all This table 
would seem to show that digestive products do not sensitize, even though 
the whole protein from which the fraction was derived does react 
positively A senes of patients who failed to react positively to the 
whole protein reacted likewise negatively to the digestive products 

Artificial digestion was then carried out in the presence of bacteria 
as follows After digestion through the second fraction was completed, 
the mixtures were sterilized, divided into three parts and to each por- 
tion was added respectively, Banllns coli-commiims, Bacillus pioteus 
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egg Tliiee other patients gave positive reactions with beef and milk 
coll communis fractions but negative reactions with all other fractions 
The remaining cases reacted too irregularly to wai rant description The 
beef and milk Baalli coh-commums fi actions reacted most frequently 
and all Bacillus acidophilus fractions reacted least often (in only five 
patients did these fractions give any reaction) No patient reacted to 
every fraction , in only three instances was a two plus reaction obtained, 
and frequently a doubtful or dr leaction Was given This experiment 
duplicated closely the formei one, therefore similar erratic results were 
obtained with both known sensitive and known nonsensitive patients 
It would theiefore seem that the fractions were iintating to the skin 
and that some fractions were moie frequently irritating than others 
Although a definite interpretation cannot be made from the results 
of the two foregoing experiments, we can definitely state that the evi- 
dence IS against sensitization of persons to the digestion products of 
proteins obtained through the action of the usual intestinal bacteria 
The suspected irritative property of the bacterial fractions we 
attempted to remove by dialysis, since some fi actions were very acid 
and others very alkaline, it was possible that the increased acidity or 
alkalinity might be the source of irritation, furthermore the black 
coloring matter present in the fi action might be irritable All fractions 
were dial) zed until they wei e practically neutral, and all coloring matter 
in the majority of the fi actions had disappeared 

Twenty-five patients with miscellaneous conditions were tested with 
the dialyzed fractions, with the following results Only one patient 
gave negative reactions with all of the fractions, whereas previous to 
dialysis eight patients reacted negatively Three other patients gave 
only doubtful tests with the fractions of one protein, and no patient 
reacted to all of the fractions of all proteins No positive reactions 
were given by the fractions of egg digested by Bacillus acidophilus or 
by Bacillus pioteus, and only one patient gave positive reactions with 
egg digested by Bacillus coh-commums , therefore dial) sis did dimmish 
the number of positive reactions obtained by egg bacterial digestion 
With milk, however, a larger number of positive reactions were obtained 
after dialysis than was the case before dialysis, and with the globulin 
fraction the results were piactically the same both before and after 
dialysis With beef Bacillus acidophilus and Bacillus pioteus fractions 
gave similar results both befoie and after dialysis, whereas Bacillus 
coh-commums fractions gave six less positive reactions after dialysis 
than they did before dialysis but even here the fifteen positive reactions 
were far too many for supposedly negative patients In general, dialysis 
seemed to render some fractions more irritable, other fractions less 
irritable and the remaining fractions remained unchanged Therefore, 
neither the removal of coloring matter nor the change in reaction, either 
acid or alkaline to neutrality, lessened our difficulty of false reactions 
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The ube of the spirometer as a clinical instrument of piecision, 
introduced by Jonathan Hutchinson in 1846, has been brought into 
more general use through the more recent researches of Peabody,^ Went- 
worth,- Dreyer,^ V’est,^ Wilson, Edwards,® Lundsgaard, Van Slyke,® 
Hewlett and Jackson ' and others The normal standards suggested by 
Hutchinson haie been modified, and the relation to the bod)^ measure- 
ments of height, weight, body surface, chest volume and circumference 
ha\e been determined for various groups of persons 

The ^ alue of spirometry as an index to the patient’s clinical condition 
has already been demonstrated in cardiac ® and pulmonary disease 
Conditions necessary for the more general adoption of this method are 
( 1) a simple technic, (2) accurate normal standards with knowledge of 
the normal range, and (3) knowledge of the factors influencing vital 
capacity The first is fairly standardized, and although the apparatus 
IS cumbersome and not easily portable, it is easy to manipulate and 
accurate, provided the cooperation of the patient can be obtained 
Normal standards for men, women and children have been investigated, 
and figures representing the ratios of vital capacity to body surface 
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and Bacillus acodophilus After the addition of these bacteria, fractions 
were withdrawn each forty-eight hours until a total of five fractions 
were obtained, and with these the patients were tested 

In a series of known negative miscellaneous cases, these bacterial 
fractions gave too numerous and too eiratic results, which were 
attributed to the possibility that the fractions were very irritable to the 
skin Since some of the fractions were quite acid and others were 
quite alkaline and all contained a daik coloring matter, the fractions 
were dialyzed until all were approximately neutral and practically free 
from coloring matter The dialyzing, howeAer, seemed to make little 
difference in the results of tests on known negative patients , therefore 
furthei experimentation with the bacterial fractions was discontinued 
A senes of patients with eczema were then tested with the dry 
fractions obtained by sterile digestion, with the result that the patients 
who failed to give positive tests wnth the wdiole protein likewise gave 
negative tests wnth then digestive products Therefore this ivork 

w'ould seem to show that there w^as no ad\antage in testing patients with 
the digestive fractions of proteins and that probably digestive products 
do not sensitize 

COXCLUSIOXS 

When wdiole pioteins give a strong reaction, the ammo acid of the 
coi responding protein does not The suspected substance wdnch might 
react on the anaph} lactic patients w'as thought to he somewdiere betw^een 
the true proteins and the ammo acids, but the results obtained in this 
wmrk tend to show that the further one gets aw^ay from the true protein 
the less the reaction This is borne out clinically by the fact that the 
knoivn protein anaphylactic cases react quickly aftei the ingestion of 
the protein, to wdiich the}^ are sensitive 

It seems reasonable to assume that anaphylaxis does not take place 
until the offending protein gets into the blood , therefore, there must 
be a slight assimilation of an almost true protein or slightly altered 
protein wdiich, considering the short space of time between the ingestion 
of the protein and the anaphylactic reaction, could be no more than 
peptonized 

Peptones and proteoses prepared by the simple h3'^drolysis of pro- 
teins may cause sensitization as has already been showm ^ 

1 Wodehouse, R P Immunochemical Studies of the Plant Proteins 
Proteins of the Wheat Seed and Other Cereals Study IX, Am J Botany 4 417, 
1917 Walker, I C Studies on the Sensitization of Patients ivith Bronchial 
Asthma to the Different Proteins Found m the Dandruff of the Horse and 
m the Hair of the Cat and the Dog and to the Sera of These Animals, J 
Med Res 35 497, 1917 Wodehouse, R P Immunochemical Studies of the 
Proteins of Cat Hair Study VI, Immunochemistry of the Proteins of 
Dander, Study VII , Immunochemistry of the Proteins of Dog Hair, Study VIII, 
J of Immunol 2 227, 234 and 237 1917 Walker, I C The Treatment of 
Patients with Bronchial Asthma with Subcutaneous Injections of the Proteins 
to Which They are Sensitive, J Med Res 36 423, 1917 
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were not accepted All wei e doing their dail} woi k and wei e in apparent 
good health Weights weie taken in pounds on the hospital balance 
scales and on a portable spring scale which had been checked with 
the balance type, and later changed to kilograms Measurements weie 
taken with clothing on As the amount of clothing vanes consideiably 
in different classes of persons and in different seasons of the year, an 
average costume for each group was weighed and coriection was made 
at the time of calculation As some were barefoot, a correction was 
made for those wearing shoes Body surface was determined from 
the height and weight by use of the DtiBois chart Ratios to body 
surface and to height were calculated and the results tabulated 

RESULTS OF INVESTIGATION 

Records of ovei 600 were obtained, lepresenting many types, ages 
and occupations , of these, only 500, in ten groups, were taken for 
analysis The lesults can be best appreciated by a brief discussion of 
each group 

Soldiei Gi onp — In this group were ninety-seven soldiers, 18 to 40 
years of age, from the Changsha military barracks They probably 
represent the average soldier of the Hunan provincial troops Records 
were taken after a daily drill Deductions of 4 pounds (2 kg ) for 
weight of uniform and 1 cm for height were made The average foi 
the gioup was 189 for surface and 18 8 for height ratio, the figures 
ranged from 2 57 to 1 34 and from 26 1 to 13, respectively 

Policeman Gioup — This gioup included ’forty members of the 
Changsha civil police force and lepresents the average young adult 
male of Changsha engaged m a moderately active outdoor occupation 
The same correction for uniform and shoes was made as for the 
soldiers The averages here were slightly higher, being 2 09 for surface 
and 19 7 for height, the extremes ran fiom 2 82 to 1 45 for the former 
and fiom 27 4 to 13 for the latter 

Woikman Gioup — This group included forty-nine artisans from 
different tiades, including carpenters, masons, painters, weaveis, print- 
ers, shoe-makers and barbers This is more of a social classification 
than a similar type of labor Hours of work are long, from twelve 
to sixteen hours a day The ages run from 17 to 40 Three pounds 
(1 4 kg ) were deducted foi weight of clothes and 8 cm for height of 
shoes An aveiage of 2 03 for surface and 19 5 for height was obtained, 
the upper and lower limits being 2 69 and 1 37 for surface ratio and 
26 1 and 12 8 for height 

12 DuBois, D ; and Dubois, E F Clinical Calorimetrj Tenth paper A 
formula to Estimate the Approximate Surface Area if Height and Weight he 
Known, Arch Int Med 17 863 (June) 1916 
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and to height, in terms of liters per square meter of surface and in 
cubic centimeters per centimeter of height, have been adopted West,^ 
after an analysis of eighty-five medical students and forty-four nurses, 
decided on 2 5 liters per square meter body surface for men and 2 
liters for women as a normal A ratio of 25 c c per centimeter of 
height for men and 20 c c for women was also proposed , men with 
an athletic histoiy were given 2 8 and 29 as surface and height ratios, 
respectively Wilson and Edwards,® from a study of 362 school children 
in New York City, adopted standaids for children of 1 93 for surface 
and 15 5 for height ratios 

Clinical studies and reports are leading to a clearer understanding 
of the importance of the various factors which affect vital capacity, 
such as diseases of the heart and lungs, general physical condition, 
body strength and weakness,^® and the efiect of age, race, athletics, 
posture, social eiiMronment, etc All are necessary for a proper 
evaluation of results 

METHOD 

In taking vital capacity measurements on Chinese during routine 
physical examination of students of the College of Yale in China and 
city schools, also of patients in the Hunan-Yale Hospital, it was found 
that the vital capacity of the Chinese fell considerably below the stand- 
aids adopted for Americans The following investigation was there- 
fore undertaken to determine a normal standard for the Chinese, and 
incidentally, to study the effect of vaiious occupations on the vital 
capacity 

The instrument used was a vater spirometer of 6^ liters’ capacity 
This was copied by a local biass smith from a Narragansett Machine 
Company model owned by the local Y M C A Our machine was 
calibrated by the physics department of the premedical department, and, 
in operation, has checked accurately with the original 

The procedure m each case involved a careful explanation and 
demonstration of the method Care was taken to see that the person 
took his deepest inspiration Maximum efforts were stimulated by 
the competition which always developed Avhen a number were being 
tested Two to five attempts Avere recorded, and the highest taken as 
the vital capacity Unsatisfactory cases were discarded Routine phys- 
ical examinations Avere not attempted, although men AVith gross defects 

10 Peabody, F W, and Sturgis, C C Clinical Studies of the Respiration 
VII The Effect of General Weakness and Fatigue on the Vital Capacity of the 
Lungs, Arch Int Med 28 501 (Nov) 1921 

11 Christie, C D , and Argryl, J B The Estimation of Normal Vital 
Capacity Avith Especial Reference to the Effect of Posture, Arch Int Med 
30 34 (July) 1922 
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2 pounds weie deducted from the weight The surface ratio for this 
group was 2 13 , for height, 20 3 The extremes were 2 52 and 1 5 for 
the former, 25 2 and 14 for the latter 

SHidents’ Gioiip — There were thirty-six m this group, including 
medical students, hospital interns and a few male nurses The ages 
ranged from 19 to 31 These represent a rather picked group of normal 
active young adults, although they aie more athletic than the ordmarj 
Chinese A correction of 4 pounds was made for clothes and 1 cm for 
shoes The averages for this group were 2 18 surface and 21 height 
ratio , the figures ranged from 2 56 to 1 74 for the former and 25 6 
to 16 4 for the latter 

Female Students — In this group w^ere seventy-five girls, from 16 to 
22 years of age, from the Fu Siang Girls’ School and from the Hunan- 
Yale School of Nursing All had had physical examinations before 
these records were taken The group represents the average w^ell- 
developed Chinese young woman The height and w^eight figures show 
what small bodies most of the girls have No correction was made for 
clothing The averages here were 1 54 for surface and 14 3 for height 
ratio, with the extremes of 2 08 and 099 for the formei, 19 4 and 
9 2 for the latter 

Foi eigners’ Gi oup — The records of twenty-five occidentals w^ere 
obtained for comparison with the Chinese In this group \vere included 
physicians of the hospital stafif, teachers m the College of Yale m China, 
local business men and some sailois from the U S S Quiros The 
ages ranged from 19 to 48 No deductions weie made for clothing, 
so the lesults are slightly lower than if measurements were taken 
stripped The averages for the group were 2 39 liters per square 
meter of body surface and 25 1 c c per cubic millimeter of height 
The extremes here were 2 87 and 1 64 for surface, with 31 8 and 18 9 
for height ratios 

COMMENT 

A study of the vital capacity of 425 men and seventy-five w^omen 
in different groups of Chinese (Table 1) shows a general average of 
2 02 liters per square meter of body surface for the men and 1 53 for 
the women For convenience, the flat figures of 2 and 1 5 ha^e been 
adopted as the normal standard for surface ratio for men and women, 
respectively An analysis of the individual cases according to occu- 
pational groups (Table 2), shows only 42 per cent of the men and 
51 per cent of the women wthm plus or minus 10 per cent of the 
standard, about 20 per cent of both men and wmmen are below^ 90 
per cent Compared with the American standard of 2 5 for men and 
2 for women, w^e find that 80 per cent of the men and 85 per cent 
of the women fall below^ 90 per cent of the normal 
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Shop Cloks — Forty men were obtained from one of the silk stores 
m the city They repiesent a fairly well-to-do class in a sedentary 
occupation Recoids were taken in the shop at the end of the day’s 
work Three pounds (14 kg ) were deducted for clothes and 1 cm 
for shoes These men are the smallest in size and have the lowest 
ratios of any group of men except the soldiers, being 1 90 liters per 
squaie meter of body surface and 17 6 c c per centimeter of height 
The extremes were 2 39 and 1 13 for surface and 219 and 10 2 for 
height 

House Coolie Gioup — Altogether, forty-nine subjects of this group 
were studied The) were the indoor coolies of the Hunan-Yale Hos- 
pital and Changsha Y M C A Their hours of work are long, but 
the work is not arduous, being mostly that of the janitor, housemaid, 
orderly, doorkeeper, watchman, or messenger type, etc Four pounds 
(2 kg) vere deducted from the weight and 1 cm from the height 
Figures for this group were 2 12 surface ratio and 20 5 for height, the 
maximum being 2 68 and 25 5, the minimum 1 79 and 17 1, respectively 

Ricksha Coolie Gi oiip — These men put m long hours pulling, 
generally on the run, the two wheeled passenger jinrickshas This is 
the common method of trarel in the large cities, and one would expect 
the coolies to derelop extraordinary powers of endurance and rvind, 
as the work is quite exhausting In Changsha the rough streets do not 
permit great speed, so the rvork is a little harder than the ordinary 
coolie labor Forty men rvere studied The ages ranged from 20 to 50 
All were barefoot, only 2 pounds (1 kg ) rrere subtracted for clothes 
The average for tins group rvas 2 01 for surface ratio and 19 3 for 
height, the upper and lower limits being 2 5 and 1 5 for surface, 23 5 
and 14 for height It is likely that in Shanghai, Hankow, Peking, or 
other better paved cities, the figures for this group would differ 

Cat lying Coolie Gioup — Forty of this type of laborer were obtained 
in two of the coolie guilds in the city These men carry heavy burdens 
suspended from a pole which is carried on the shouldei A large part of 
the freight in China is handled m this manner It is heavy work and 
the men are noted for their endurance They represent a group of 
strong and muscularly developed workers They were barefoot , 
2 pounds were deducted for clothes The results for this group were 
2 01 for surface and 19 7 for height ratios, the figures ranging from 
2 54 to 1 65 and fiom 26 5 to 15 7, respectively 

Glasshlozuei s’ Gi oup — In this group also forty were studied They 
were found in two glass factories in the city This is a hard working 
group , blowing glass puts a great strain on the expiratory muscles, and 
one would expect an increase in lung capacity They were barefoot. 


13 “Coolie” IS the Eastern term for the common laborer 
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Height ratios show an average of 19 5 c c per centimeter of body 
height for men and 14 3 for women The flat figures of 19 and 14 were 
taken as the normal standaid A study of the individual and group 
variations (Table 3) shows a general similarity to the bod> suiface 
latios, only 50 per cent of the men and 48 per cent of the women are 
within 10 pel cent of standard, with approximately the same pro- 
portion as above falling below 90 per cent The height ratios seem to 
show a wider range, yet, on the whole, follow the surface ratios closely 
Compare these results with the Western standards of 25 c c per centi- 
meter of height for men and 20 for women, and we find that only 
fifty-one men and five women aie within 90 pei cent of those figures, 
that IS, 88 per cent of the men and 93 per cent of the women are 
below 90 pel cent 

A comparison of the averages of the occupational groups shows some 
differences which seem to be greatei than the normal erior The 
soldiers have the lowest vital capacity with an, average surface latio 
of 0 13 below the general average, while the students are the highest 
with 0 16 above The reason for the low figures for this group of 
soldiers is not apparent, although one is tempted to question their 
physical fitness The shop clerks, with little physical woik, have a low 
lung capacity, almost as low as that of the soldiers The coolies of 
different types have about the same ratios It is surprising that the 
ricksha coolies have not a higher vital capacity, their capacity being 
lower than that of the house coolies whose work is chiefly indoors 
The glass blowers, as expected, have the highest capacity of all the 
laboreis, although theirs is lower than that of the students The students, 
on the whole, had been faiily active in sports, basket ball and soccer 
football, and it would seem as though athletics weie the important 
factor in this case This seems to confirm the doubt raised by Hewlett 
and Jackson that standards based on a picked group, such as college 
students, are too high for the general public 

The aveiage for women is much lower than for men This is in 
keeping with the diffeience noted by West, and the proportion is 
approximately the same It is interesting to note that the figuies for 
women aie lower than those obtained for schoolchildren from 6 to 
16 years of age in New York City 

The group of foreigners gives an average surface ratio of vital 
capacity of 2 39 This is low as compared with West’s standard , seven 
of the twenty-five being below 90 per cent The height ratio of 25 1 
for the group equals the standard for Americans The group, as a 
whole, which includes several overweight and quite sedentary persons, 
IS more than 15 per cent gi eater in both surface and height ratios than 
the Chinese As the measurements were taken under the same condi- 
tions, a racial factor is strongly suggested No vital capacity studies on 
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BLOOD SUGAR REACTION FOLLOWING INTRAVE- 
NOUS INJECTION OF GLUCOSE ■- 

L G RIGLER, M D , and H L ULRICH, MD 

MINNEvVPOLlS 

The literature dealing with the ahmentaiy glucose tolerance test ^ 
has been lecently reviewed by Macleod,- Folin and Berglund,'’ John,^ 
MacLean and de Wesselow In addition to its use as a diagnostic 
aid in diabetes, accoiding to Sherrill,® John'* and otheis, it has assumed 
importance in a wide vaiiety of diseases " Janney and Isaacson ® have 
improved on the technic as fiist applied By doing both blood and 
tiime sugai analyses, the factor of lenal peimeability has been overcome 
so that it is lathei a reading of glycemia than of glycosuria In addi- 
tion, the amount of glucose to be given vanes with the weight of the 
person 

Intestinal absorption, as a vai lable factoi , bas long been recognized 
Janney and Isaacson® discuss this at length and point to the work of 
Janney® and of Fisher and Wishart^® to piove that it is unimpoitant 
Then proof is not convincing They state that 66 per cent of the 
ingested glucose will be absorbed within an houi The constancy of 
the blood sugar curve obtained in noimal peisons is also used as an 
indication that the absoiption is faiily constant Woodyatt” and 
Wilder and Sansuni have called attention to the time element in the 
metabolism of carbohydi ates If the absorption time is inconstant, the 
test as oidmaiily done, by giving the glucose by mouth, leaves this time 


From the University Division of the Minneapolis Geneial Hospital and 
the Graduate School of the University of Minnesota 

1 The term “tolerance test" is used here only to correlate this work with 
that previously done on this subject It is hardly justifiable from our meager 
knowledge of carbohydrate metabolism to term this a test of glucose tolerance 
We feel that it should rather be called the “blood sugar reaction to glucose ” 
as that expresses our actual knowledge of the processes taking place 

2 Macleod, J J R Physiol Rev 1 208, 1921 

3 Folin and Berglund J Biol Chem 51 413, 1922 

4 John, H J J Metabolic Res 1 498, 1922 

5 MacLean and de Wesselow Quart J Med 14 103, 1921 

6 Sherrill, J W The Diagnosis of Latent or Incipient Diabetes, J A 
M A 77 1779 (Dec 3) 1921 

7 Olmsted, W H, and Gay, L P Study of Blood Sugar Curves Follow- 
ing a Standardized Glucose Meal, Arch Int Med 29 384 (March) 1922 

8 Janney, N W, and Isaacson, VI A Blood Sugar Tolerance Test, 
J A M A 70 1131, 1918 

9 Janney, N W J Biol Chem 22 203, 1915 

10 Fisher and Wishart J Biol Chem 13 49 1912 

11 Woodyatt, R T Harvey Lectures, 11 326, 1915 

12 Wilder, R M, and Sansum, W D A Glucose Tolerance m Health and 
Disease, Arch Int Med 19 311, 1917 



342 


ARCHIVES OF INTERNAL MEDICINE 


other Eastern races have been found for comparison It has been 
noted, however, that the figures for negro children in the United States 
are less than for the white children of the same ages 

In this study, the height ratios gue nearl}^ as uniform results, 
although there is more variation in the extremes This method is 
simpler, and for rapid calculation in clinical work is probably preferable 
Figures obtained for Chinese in Central China will not necessarily 
hold true for the whole country, since there is a great difference in the 
stature and physical de\elopment of the different races of the Chinese 

SUMMARY 

1 The vital capacity m 500 Chinese in eleven occupational groups, 
including a number of young women, has been studied and analyzed 

2 A normal standard of 2 liters per square meter of body surface 
for men and 1 5 for v omen u^s obtained 


Table 4 — Sumvimy of Normal Standards 



1 ital Capacitj 

Vital Capacity 


Body Surface, 

Height, 


Liters per 

C c per 


Souare Meter 

Centimeter 

Americans 

Men * 

2 -> 

230 

Women ■* 

20 

20 0 

Children = 

1 03 

1' 1 

“Athletes”* 

2S 

29 0 

Chinese 

Men 

2 0 

19 0 

Women 

1 5 

14 0 


3 A normal standard of 19 c c per centimeter of bod} height for 
men and 14 for women may also be used with little less accuracy 

4 Various factors were noted which affect the vital capacity 
(a) Men show a vital capacity 31 per cent greater than women (b) 
Occupations seem to influence the vital capacity to some extent, although 
not in proportion to the degree of physical actuify (c) Athletics 
tend to increase the vital capacity 

CONCLUSIONS 

The Chinese show much lower vital capacity ratios than Westerners 

Standards based on a picked group of persons cannot be applied 
uniformly to all groups 
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Woodyatt^^ and Wildei and Sanstim introduced timed intravenous 
injections by means of an electric pump They gave varying amounts 
of glucose solutions of different concentrations within definite time 
limits and determined the amount which could be given per hour without 
glycosuria They did not, however, attempt to show the amount of 
hyperglycemia which resulted Allen and W ishart -- gave glucose 
intravenously to partially and completely depancreatized dogs and 
concluded that the method is a good one for making tolerance tests 
if the blood sugar estimations are properly controlled by urine exami- 
nations If too much sugar appears in the urine, it may cause a 
distinct depression m the blood sugar Titus and Givens have given 
glucose intravenously to women with toxemia of piegnancy in 20 to 
25 per cent solution and have plotted blood sugai curves Opitz,“‘ 
Beumer,^“ and Nonnenbruch and Szyszka-® have recently made sugai 
tolerance tests in this way The latter also have followed the led 
blood corpuscle count, the serum albumin, the serum sodium chlorid, 
and the relative volume percentage of the serum and corpuscles They 
found definite evidences of a hydremia following the glucose injections 
All their cases showed also a rise m the blood sugar shoitly after the 
injection, followed by a drop to normal in most cases 

In the hope of devising a glucose tolerance test which would be 
free from the variable and unceitain factor of gastio-intestinal absoip- 
tion, we have given 20 per cent solutions of glucose intravenously to 
a number of nondiabetic and diabetic persons taken from the medical 
wards of the Minneapolis General Hospital All the tests weie per- 
formed on a basal level, at least sixteen houis after the last food had 
been taken The glucose given was a highly purified dextrose, dissolved 
in distilled water, filtered and sterilized in an autoclave for thirty 
minutes under 10 to 15 pounds (4 5 to 6 8 kg) of pressure The 
solution was given by means of the pressure flask of Hoffman and 
Habein,^® carefully graduated and timed in such a manner that the 
flow was fairly constant, the amount and the time in which it was given, 
exact Other methods of giving timed intravenous solutions have 
been described by Freidell,^^ Thalhimer,^® and Korbscbj^® but we have 

22 Allen and Wishart J Biol Chem 42 415, 1920 

23 Titus, P , and Givens. M H Intravenous Injections of Glucose in 
Toxemia of Pregnancy, J A M A 78 92, 1922 

24 Opitz, H Klin Wchnschr 1 117, 1922 

25 Beumer, H Zschr f Kinder 29 352, 1921 

26 Hoffman, M H, and Habein, H C Transfusion of Citrated Blood, 
J A M A 76 358 (Feb 5) 1921 

27 Freidell, H F Apparatus for Continuous Intravenous Administration 
of Fluids by Which the Rate of Flow May Be Easily Determined and Con- 
trolled. J A M A 76 724 (March 12) 1921 

28 Thalhimer, W A Simple Apparatus for Accurate Intravenous Admin- 
istration of Glucose Solutions, J A M A 78 190 (Jan 21) 1922 

29 Korbsch, R Munchen med Wchnschr 67 936, 1920 
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factoi out entirely The best evidence submitted to show that 

gastro-intestmal absorption is exceedingly variable is the recent work of 
Fitz and his co-workers One hour after giving 100 gm of glucose, 
they passed a duodenal tube into the stomach and aspirated as much of 
the stomach contents as possible, titrating it for glucose They recovered 
from 22 per cent to 68 per cent of the amount given, the results in 
all cases being very different and the variability appearing to be due 
to individual idiosyncrasy rather than to any rule They also gave 
varying amounts m solutions of different peicentages with an even 
greater variation in the amount recovered at the end of an hour 
Goldschmidt’s review of the subject of intestinal absorption is 
sufficient to show how man}'- factoi s enter into it and how variable 
it must be in different persons Beigmarck^" and Mertz and 
Rominger have demonstrated the difference it might make in tests 
on children The latter gave glucose by mouth and plotted a curve of 
the blood sugar reaction They repeated the test on the same persons 
under similar conditions except that tannic acid was added to the 
glucose The curves obtained uere ladically diffeient, the first being 
much higher than the second The tannic acid, apparently by its 
astringent action, had caused a deci eased absorption with a slower 
flooding of the circulation and thus a lower blood sugar curve 

If the factor of gastro-intestinal absorption is of such importance. 
It IS obvious that many of the tests done are woithless To overcome 
this factor and for experimental purposes, glucose has been given sub- 
cutaneously, intramuscularly and intravenously The fiist two methods 
are, of course, affected by the uncertain factor of absorption The 
old and recent literature on intravenous glucose injections has been 
amply reviewed by Wilder and Sansum,^- Kleiner,^® Nonnenbruch and 
Szyszka and Bang Blumenthal/^ in 1904, attempted to determine 
glucose tolerance by the intravenous method, but he made no blood 
sugar estimations, depending on the pioduction of glycosuria and 
leaving out of consideration the permeability of the kidneys In 1913, 
Tannhauser and Pfitzer made the first clinical attempt to determine 
the hyperglycemia caused in man by the injection of small amounts of 
glucose solution into a vein They plotted cun'^es for normal persons, 
persons with chronic ‘nephritis, livei diseases and diabetes In 1916, 

13 Blumenthal, F Beitr z chem Phys u Path 6 329, 1905 

14 Tannhauser and Pfitzer Munchen med Wchnschr 9 2155, 1913 

15 Beeler, Br 3 ’-an, Cathcart and Fitz J Metabolic Res 1 549, 1922 

16 Goldschmidt. S Physiol Rev 1 421, 1921 

17 Bergmarck Jahrb f Kinder 80 373, 1914 

18 Mertz and Rominger Arch f Kinder 69 81, 1921 

19 Kleiner, I J Exper M 23 507, 1916 

20 Nonnenbruch and Szj'szka Arch f Exper Path u Pharm 86 281, 1920 

21 Bang, I C Der Blutzucker, Wiesbaden, 1913 
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hydremia occuned, in accordance with the findings of Fisher and 
Wishartd” Sherrill and John/® Nonnenbruch and Szyszka and others 
The cases are divided into three groups The fiist (Table 1), 
including ten nondiabetic and five diabetic patients, were given 1 gm 
of glucose per kilogram of body Aveight, the duration of the injection 
being 30 minutes The second group (Table 2), including thirteen 
nondiabetic patients, were given 0 5 gm of glucose per kilogram of 
body weight m fifteen minutes The third group (Table 3), including 
seven nondiabetic and three diabetic patients, were given 0 33 gm of 
glucose per kilogram of body weight in ten minutes A 20 per cent 
solution was used throughout The tables given below show the results 
obtained Blood sugar is tabulated m milligrams per one hundred 
cubic centimeters of blood Red blood corpuscle counts are tabulated 
on a basis of percentages, the count before injection being considered as 
100 per cent The quantity of sugar appearing in the urine, the total 
amount of glucose given, the age of the patient, and the diagnosis of 
each case are also shown Five curves have been plotted to illustrate 
each type of case All are shown in the chart The first (o) is Case 4, 
a nondiabetic patient, given 1 gm of glucose per kilogram of body 
weight in thirty minutes The second (b) is Case 12, a diabetic given 
1 gm of glucose per kilogram of body weight in thirty minutes The 
third (c) IS Case 19, a nondiabetic patient given 0 5 gm glucose per 
kilogram of body weight in fifteen minutes The last two weie given 
0 33 gm of glucose per kilogram of body weight in ten minutes The 
fourth (d) represents Case 29, a nondiabetic patient The fifth (c) 
represents Case 37, a diabetic patient 

It can readily be seen from the red blood corpuscle counts that m 
most cases, at least, a hydremia occurs which has a tendency to 
decrease in direct ratio to the decrease m blood sugar The chai- 
acteristic finding m regard to the blood sugar is the marked rise occur- 
ring just after the injection, followed by a definite fall to normal 
usually within one hour, and almost invariably a fall to subnormal at 
the end of two hours It appears that the latter is just as important 
and constant as any of the other characteristics of the normal curve 
It IS difficult to make a statement from these cases as to the normal 
curve, because they are not true normals However, it can be con- 
cluded from the examination of all the curves that the normal should 
show a high rise in the blood sugar just after the injection, a drop to 
about 50 per cent above the fasting level at the end of thirty minutes, 
a normal reading at sixty minutes, and a subnormal reading at one- 
hundred twenty minutes The diabetic patients show the results 
which can be expected The rise just after the injection is much 


30 Sherrill and John J Metabolic Res 1 109, 1922 
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found the pressure flask eminently satisfactory It is obvious that the 
electric pump would be the best method, but this is not generally 
obtainable The first sample of blood was collected through the same 
needle through which the dextrose solution was injected A second 
sample was collected five minutes after the injection was completed, 
a third, thirty minutes after, a fourth, sixty minutes after, a fifth, 
one hundred and twenty minutes after Urine was collected for this 
whole period and for twenty-four hours after in most cases and 
examined for sugar by the well-known Benedict quantitative method 
The samples of blood were all obtained by venipuncture, collected in 
sodium oxalate, and analyzed shoitly after for sugar by the Benedict 
modification of the Lewis-Benedict method On many of the cases, 
separate determinations of whole blood and plasma were made We 


a b c d e 



Typical curves from each group of cases illustrating blood sugar reaction 
of nondiabetic and diabetic to intravenous glucose administration Blood 
sugar expressed in milligrams per 100 cubic centimeters of blood on ordinates 
Time elapsing from beginning of injection to the collecting of the blood 
expressed in minutes on abscissas A indicates nondiabetic patients given 
1 gm of glucose per kilogram of body weight in thirty minutes (Case 4, Table 
1) , B, diabetic patient given 1 gm of glucose per kilogram of body weight in 
thirty minutes (Case 12, Table 1), C, nondiabetic patient given 0 5 gm of 
glucose per kilogram of bodj^ weight in fifteen minutes (Case 19, Table 2) , 
D, nondiabetic patient given 0 33 gm of glucose per kilogram of body weight in 
ten minutes (Case 29, Table 3), E, diabetic patient given 0 33 gm of glucose 
per kilogram of body weight m ten minutes (Case 37, Table 3) 

found that we could not centrifuge the blood rapidly enough to prevent 
the interchange which takes place rapidly in vitro between corpuscles 
and plasma The results were interesting but were no doubt inaccurate 
and therefore are not published In most of the cases red blood 
corpuscle counts were made at the same time that the blood was col- 
lected for sugar analysis This was done to determine whether or not 




’ lilooa sugar rccoraed In milligrams per Hundred cubic centimeters of blood Red blood corpuscle counts made at the same intervals as the blood sugar arc 
charted on a percentage basis, the first count being considered 100 per cent Urine sugar for the whole period is shoiin, as mcII as the tot il quantity of glucose 
given The diagnosis and age of c ich ease are tabulated 

t Blood sugar determinations ^o 1, before injection, No 2, five minutes after. No 3 thirty minutes after No 4, sixty minutes after. No 5, 120 minutes after 





Table 1 — Results on Ten Nondiabetic and Five Diabetic Peisons Gwen 1 Gin Glucose pe> Kilogiam of Body Weight 

in 20 Pei Cent Solution Inti avenonsly in Fifteen Minute; 
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can be consideied noimal in the sliictest sense of the word, as the\ 
weie taken fiom the wauls, and we have classified them simpl} as 
diabetic and nondiahetic For this leason we do not feel justified m 
presenting any of these results as definitely indicative of the normal 
leaction 

As we have jilotted no definite normal curve, we hesitate to call 
attention to the cuives piesented by the various types of cases In 
addition, oui seiies of each type is too small to permit of chawing an} 
conclusions Oui object in this woik has been lathei to deteimme 
whethei the method is feasible and, in a geneial way, what the response 
would he on the pait of the patient The cuives of a laige series of 
noimal patients should he detei mined by this method, following which 
the curves typical of dififeient diseases might he plotted 

Many objections can no doubt he laised against this method of 
making sugai toleiance tests Janney and Isaacson “ object to the \eni- 
punctures, hut this is hardly valid, as these aie necessaiy in doing any 
hut the micio tests foi blood sugai The objection that this method 
IS not physiologic m that it leaves the poital system out of consideration, 
IS moie difficult to answer It has been shown by Tannhauser and 
Pfitzei that the livei plays an impoitant part in the disposition of 
glucose even when injected mtiavenously, as then most abnormal 
curves were obtained in diseases of the hvei Folin and Beiglund ’ 
point out that the tissues of the body, as a whole, play fully as impor- 
tant a pait 111 caihohydiate metabolism as the livei The chief objection 
that must be answered is that the injection of glucose solutions into a 
vein IS not a haimless proceduie and should theiefoie not he indulged 
in at landom The use of a puiified dextiose, well dissolved and 
sterilized, should obviate any dangei Buchngen ■*’ has gi\ en 4,500 
injections for theiapeutic pin poses without one untoward result 
Kausch,'’- Koihsch, Lyon,'’* and Fladen,'*'’ and a host of olheis report 
similai lesults In oui own senes, we have had only one case in which 
theie was a slight chill followed by a tempeiatuie of 99 2 F In addi- 
tion to this, two patients who weie having an inteimittent temperatuie 
showed uses of tempeiatuie to 100 and 100 4 F, i espectn ely, hut it is 
doubtful that these could he assigned to the glucose injections The 
difficulty in giving the intiavenous solution can also he considered an 
objection, hut with a little piactice it can he done with facility 

31 Budmgen, T Deutscli Arch f klm Med 128 151, 1918 

32 Kausch, W Deutscli med Wchnschr 37 8, 1911 

33 Korlisch, R Deutscli med Wchnschr 47 332, 1921 

34 Lyon, G Aich Pediat 36 161, 1919 

35 Haden, R L Therapeutic Application of the Alteration of Brain 
Volume hv the Intravenous Injection of Glucose, I A AI A 73 983 (Sejit 27) 
1919 
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higher, there is only a small depression at the end of thirty minutes, 
at the end of sixty minutes the blood sugar is still far above the fasting 
level , at the end of 120 minutes it is still above the fasting level or 
just at it The difference between the normal persons and the mild 
diabetic patient can be seen by a comparison of the curves shown 
The curves as a whole resemble those obtained by the alimentary 
method, but the action is more rapid 

We do not feel that, in the consideration of this test, the excretion 
of sugar in the urine is an important finding, except in so far as a 
large excretion of sugar be accompanied by a rapid fall in the blood 
sugar This does not occur when using the smallest dose, so that it 
need not be seriously considered It is of interest to note that in many 


Table 3 — Results on Seven Nondtabeiic and Thee Diabetic Persons Given 
0 33 Gin Glucose Pci Kilogiam of Body Weight vi 20 Per Cent 
Solution in Ten Minutes*' 


Case 



Specimen 
X umbers f 



Urine 

Sugar, 

Gm 

Body 

Weight, 

Kg 

Glu- 
cose, 
Total 
Amt , 
Gm 

Age 

of 

Patient 

Remarks 

ber 

1 

2 

3 

4 

% 

29 

119 

254 

101 

131 

82 

0 

57 

19 

51 

Chronic cardiac Mil 











Aulnr disease 

30 

9S 

220 

100 


94 


GO 

22 

58 

Essential hyperten 











Sion, Xo 4 not taken 

31 

90 

182 

147 

87 

£6 

0 

CO 

20 

70 

Ecscntinl hyperten 
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32 

112 

9 . 79 . 

182 


81 

000 

GO 

20 

CO 

Chronic duodenal w 











cer, No 4 not taken 

33 

£0 

234 

142 

117 

91 


07 

22 3 

53 

Chronic arthritis 

34 

83 

237 

174 

99 

72 

0 

G9 

23 

OS 

Bronchial nstlitna 

35 

84 

200 

130 

104 

88 

0 

43 

14 2 

43 

Carcinoma of stom 











ach with metastasi' 











to liver 

30 

103 

305 

294 

233 

100 

0 

81 

27 

55 

Moderatelj severe 











dialietcs 

37 

120 

241 

238 

205 

104 

2 

52 

17 3 

C3 

Mild diabetes 

38 

320 

001 

483 

441 

305 

Trace 

43 

14 3 

03 

Severe diabetes 


* Blood sugar recorded m milligrain*: per hundred cubic centimotcrs of blood 
sugar for the whole peiiod is shown, as Mell as the total quantity of glucose given Hi® 
dngnosis and age of each case are gnen 

t Blood sugar determinations ^o 1, before injection, No 2, flie minutes after, Ao 3, 
thirty minutes after, Xo 4, sixtj minutes after, Xo 5, 120 minutes after 


cases in which the blood sugar lose to a figure far above 200 mg per 
one hundred c c , no sugar Avas excreted This may be due to the 
fact that the elevation of the blood sugar was too transitory to produce 
a glycosuria 

The amount of glucose given and the duration of the injection are 
of course important considerations, as can easily be seen from our 
results The three different methods used were purely experimental 
We feel that the last method, giving 0 33 gpn of glucose per kilogram 
of body weight in ten minutes is the best, as it is easiest to give, does 
not cause such marked elevation m the blood sugar, and seldom pro- 
duces marked glycosuria It is possible that even smaller doses might 
be still more desirable It should be noted that none of the cases used 



EXPERIMENTS VVITPI HODGKIN’S DISE-VSE 

AN ATTEMPl 10 PRODUCE 11 IN AMlIROPOlUS \ND 
01 HER MONKE\S ' 

W F CUNNINGHAM, AID 

AND 

KENNETH AIcALPlN, AID 

* NEW \ORK 

These expenments were made in an attempt to pioduce Hodgkin’s 
disease in chimpanzees and rhesus monkeys The apes weie chosen 
because numerous attempts weie made to pioduce this disease in lowei 
animals Feeding expenments and injections of gland extracts have 
been made on guinea-pigs, rabbits, iing tail and rhesus monkeys ^ Cei- 
tain hypeiplasias have been produced, but it bas been shown that the 
injection into animals of normal gland extiacts causes a lymphatic 
hyperplasia 

Foi a working Ijasis the following piemises weie adopted 1 Plodg- 
kin’s disease is a distinct climcopathologic entity 2 It belongs to the 
group of infectious gianulomas and is of bacterial or piotozoan oiigin 

The lesults olitamed were all negative, but it is believed that they 
should be lecoided because the biologic similarity between chimjianzees 
and man make the findings of more significance in regaid to the trans- 
missibility of the disease by implantation of tissue 

ANIMALS 

Before proem mg the chimpanzees, it was necessaiy to leain some- 
thing of the habits and living conditions of these animals, and many 
months were spent in vetermaiy consultations and going over plans for 
proper housing and caging After securing the animals, the next step 
was to determine, as far as possible, that they weie free fiom disease 
Such conditions as eczema, pyorrhea alveolaris and round worms, were 
very tioublesome Wassermann tests were made and also complement- 
fixation tests for tuberculosis The latter were felt to be important, 
owing to the susceptibility of apes to this disease The two chimpan- 
zees gave positive reactions, but they showed no evidence of tuberculo- 
sis while under our observation fiom Oct 28, 1916, until Maj^ 1920 

* This work was carried on under a grant from the Harnman research fund 

*From the laboratories of the department of surgery Columbia Universitj 

1 Reed Bull Johns Hopkins Hosp No 10, 1902, p 135 Longcope Bulle- 
tin Ayer Clinical Lab No 4 1907 Bunting, C H, and Yates J G An 
Etiologic Study of Hodgkin’s Disease, J A AI A 61 1803 (Nov IS) 1913, An 
Etiologic Study of Hodgkin’s Disease, 62 516 (Feb 14) 1914 Schaeffer, E 
Berl klin Wchnschr 51 1215, 1914 
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The subject has feitile possibilities We have not attempted to 
present any definite standards, but merely ofter this method as a sug- 
gestion for future use We feel that we have demonstrated its sim- 
plicity, feasibility, and its superiority to the alimentary test m determin- 
ing a variation m caibohydrate metabolism Intravenous tolerance 
tests m the past have been so variable in their methods and technic that 
adequate comparison is impossible Moie woik should be done by this 
method to establish standards, and this can onlj be done if a uniform 
technic is used The pin pose of this papei has been to suggest such a 
technic and to demonstiate its applicability to the test 

SUMMARY AND CONCLUSIONS 

The alimentary glucose toleiance test is objectionable chiefly because 
of the great vai lability in gasti o-mtestinal absorption time rendering it 
inaccurate and misleading 

The previous work on intra\enous glucose tolerance tests is dis- 
cussed The methods and technic used by the autbois m making 
glucose tolerance tests by the intravenous method on thirty-eigbt cases 
IS presented and the results shown in tables and cnn^es 

The difteiences between the normal leaction of the blood sugar to 
the intravenous injection of glucose and the diabetic reaction are 
shown Glucose tolerance tests can be made far more accurately bj 
giving glucose solutions intravenousl) and making blood sugar esti- 
mations at mteivals afterward, than by the alimentary route 

The intravenous injection of glucose is a simple and harmless pro- 
cedure Further work should be done b) this method to establish 
normal standards 
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nXPLRIMKNTAL WORK 

Expet iment 1 — A group of three nodes was removed from a man, 23 jears of 
age, who first noticed an enlargement m tlie neck eight months previoush 
Later lymphomas developed m the axillae These showed the tjpical histologic 
picture of Hodgkin’s disease (Fig 1) 

A slice of a node 15 by 0 3 cm was transplanted into the retropcritonc il 
region and one 0 7 by OS' into the spleen of a rhesus The animal was ohscncd 
for five months, and no external evidence of Hodgkin’s disease was noted 

The rhesus was then used for a poliomyelitis experiment and died Ncciopsj 
was performed and microscopic examinations were made, hut no evidence of 
Hodgkin’s disease was found 



ExpLi iiiuiit 2 — Glands were removed at the Roosevelt Hospital from the 
groins of a man, 30 years of age who had been suffering from weakness, night 
sweats and lymphomas m the axillae, neck and groins 

Histologically the glands were those of Hodgkin’s diseases (Fig 2) 
Bacteriologic examinations were made of the glands, but no organisms were 
isolated 

Two pieces of nodes 1 5 by 0 4 cm and 1 by 0 4 by 0 3 cm w'ere transplanted 
into the retroperitoneal region and spleen of a joung rhesus The animal w'as 
used for a poliomvelitis experiment, and died of abscess of the brain At 
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Apparently, Inberculobis runs its almost unifoimly fatal course in these 
animals within eighteen months under the zoologic and circus condi- 
tions of New York Cit> 



Fig 1 — Low power reproduction of drawing of gland used in Experiment 1 



Fig 2 — High power reproduction of drawing of gland used in Experiment 2 

Both chimpanzees were immatuie females They were in the proc- 
ess of shedding then baby teeth and weie judged by an expert fiom 
the Bronx Zoological Paik to be about 4 yeais of age 
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necropsy no evidence of Hodgkin’s disease nas found Histologic examination 
showed scar tissue in the spleen at the site of transplantation 

Expcruncut 3 — Glands were removed from a man, about 37 years of age 
This patient showed the first signs of Hodgkin’s disease two years previously, 
and the nodes w'eie removed at that time to confirm the diagnosis 



part within the circle is represented m Figure 5 

In June, 1919, a gland was removed from the inguinal region, and a section 
2 by 1 by 1 cm was transplanted beneath the deep cervical fascia of a fema c 
chimpanzee about 6 years old 

Sections made from the gland (Fig 3) were tj'pical of Hodgkin’s disease 
Cultures made at the time of transplantation revealed diphtheroid bacilli in 
Petroff’s culture medium and broth, and staphylococci in broth The woun 
healed without infection The animal died in November, 1919 

Expo ivtcnt 4 — Glands were removed from a boy, aged 15 years, who 
a tw'o } ears’ history of swellings in the right side of the neck and right axilla 



THE SIZE OF THE HEART IN PNEUMONIA 

A TELEROENTGENOGRAPHIC STUDV, WITH OBSERVATIONS ON THE 
EFFECT OF DIGITALIS THERAPY ' 

ROBERT L LEVY, MD 

NEW "iORK 

Precise information concerning the behavior of the heart in pneu- 
monia IS essential for the rational management of the circulation m this 
disease Whether, in the course of acute pneumonitis, the cardio- 
vascular system is functionally impaired, is still a matter of contro- 
versy Direct methods for the estimation of myocardial function are 
still wanting But alterations m the size of the heart furnish evidence, 
although indirect, of changes in the physical state of the myocardium, 
and in particular of variations in the length of heart muscle fiber 
Such changes, as will be pointed out, have been shown by investigation 
to be associated with alterations in the volume output of the ventricles , 
and on the maintenance of ventricular volume output depends, in laige 
measure, the efficiency of the circulation as a whole 

The present investigation was designed to obtain, by the roentgeno- 
graphic method, at relatively frequent intervals, accurate records of the 
size of the heart in patients ill with pneumonia The cardiac silhouette 
was outlined and measured according to a special technic, and an 
attempt has been made to estimate the significance of the changes 
observed The effect of digitalis on the size of the heart has also been 
studied 

literature 

It appears that Dietlen ^ is the only observer who has taken accurate 
records of the size of the heart in pneumonia throughout the course 


Table 1 — Stse of Heait Thioughont Disease vi Dicflcii s Case 


Day of disease 

2 

3 

b 

6 

7 

11 

12 

14 

19 

21 

24 

25 

Area, sq cm 

123 

123 

133 

135 

134 

123 

122 

122 

122 

122 

117 

lie 


of the disease He made orthodiagiams of eleven cases of lobar pneu- 
monia and found cardiac dilatation m four (36 4 per cent) In two 
of these cases, the enlargement was slight and transitory, in the third 

From the Hospital of the Rockefeller Institute for Medical Research 
*A preliminary report of this work was read before the American Society 
for Clinical Investigation, May 9, 1921 

1 Dietlen, H Orthodiagraphische Beobachtungen uber Veranderungen 
der Herzgrosse bei Infektionskrankheiten, bei exsudativer Penkarditis und 
paroxysmaler Tachykardie, nebst Bemerkungen uber das roentgenolog’sche 
Verhalten bei Pneumonic Munchen med Wchnschr 55 2077, 1908 
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The second chimpanzee was taken ill about this time, the prominent 
symptoms being cough, loss of weight and fever She died Feb 5. 
1922 Neciopsy was peifoimed foity-eight horns postmortem, the 
anatomic diagnosis being '\ ubeiculosis and edema of the lungs, tuber- 
culosis of the ceivical, tiacheal and mesenteric lymph nodes, tubercu- 
losis of the spleen, miliaiy and caseous, tuberculosis (?) of solitari 
follicles of the ileum, tuheiculosis, miliai}, of the h\ei Micioscopic 
examm.ition was made of the lungs, lym])h nodes, liver, spleen and 
intestines The lungs jiiesented ,m adv.inced degiee of caseation, with 
the formation of tiiheicles without giant cells The l}mph nodes and 
spleen piesented a similai pictuie The Inei piesented marked fati\ 
infiltiation with pionounced jjostmoilem change and a few small areas 
of necrosis, the natuie of which was not determined The kidneys 
also piesented postmoitem change, but no evidence of tubeiculosis On 
the mucosal sui face of the ileum was a small ulceration with fibrosis 
and lound cell infiltration 

Tubeiculosis in chimpanzees is a lapidly' fatal disease and theie is 
little doubt that the infection took place aftei the animals left our cages 
W^e have found no evidence that Hodgkin’s disease has been piocluced 
m the rhesus monkevs and chiiujianzees used m these e\pei iments 
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two acute angles of lead were secured anteriorly — one in the supra- 
sternal notch, the other m the substernal angle In later plates, the 
posterior lead strip was omitted, as the vertebral spines could be plainly 
seen m the negatives Unclear or improperly aligned records were 
discarded 



A New Tcchmc fo) Completing the Outline of the Caidiac Sil- 
houette — In the plates, the diastolic outline of the right and left borders 
and the midline were tiaced on papei This made possible the measure- 
ment of tiansveise and long diameters The angle of inclination of 
the heart — that is, the angle formed by the long diameter and a line 
diawn to the apex at right angles with the median line — was also 
lecorded Instead of completing the silhouette by arbitrarily joining 
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case it was somewhat greater No figures are given Measurements of 
the area are recorded in the fourth case, and are now reprinted, since 
the changes observed are comparable to those to he reported in this 

I 

paper 

On the sixth and seventh da 3 'S of the disease, the patient was very 
ill He was first afebrile on the eleventh day Dietlen remarks that 
dilatation was coincident with the severest period of the illness — ^“the 
dangerous time before crisis ” 

MATERIAL AND METHODS 

Mateual — Teleroentgenograms of the chest were made every sec- 
ond day, or at times as nearly approximating this interval as the condi- 
tion of the patients warranted, of twent 3 f-one cases of lobar pneumonia 
and eight cases of bronchopneumonia, during the acute stages of the 
disease and throughout convalescence m the hospital Two hundred and 
eighty-four plates were taken and form the basis of this study Three 
normal young men and one patient with fever due to acute bronchitis 
and pulmonary tuberculosis served as controls 

Method of Taking the Roentgenogiams — The exposures were made 
for one-half second, during the inspiratory phase of normal respiration, 
the subjects being m the recumbent position The plates were at a 
distance of 2 meters from the anticathode of the roentgen-ray tube 
The patient was instructed to breathe as quietly as possible and was 
unaware of the instant at Avhich the picture was to be taken In order 
to record graphically on the plate the phase of respiration in which the 
exposure was made, a lead strip was secured to the plateholder with 
adhesive plaster to indicate the neutral position of the vertically hanging 
lever of a Marey tambour, the lever being tipped with a solid knob of 
lead The tambour was connected by means of rubber tubing with a 
Pohtzer bag, held in position m the right axilla of the patient by a linen 
binder, secured by fastemng its tails During respiration, the lever of 
the tambour swung on one side or the other of the neutral strip The 
side to which the lever deviated dunng expiration was denoted by the 
letter E (Fig 1) The pictures were obtained during inspiration m a 
majority of instances Slight variations in the time of exposure were 
disregarded, as it has been shoAvn, employing a similar technic, that 
the difference in the size of the heart during normal inspiration and 
expiration is so small as to be negligible - 

In order to verify the accuracy of anteroposterior alignment, a thin 
lead strip was placed over the spinous processes of the vertebrae, and 

2 Cohn, A E An Investigation of the Size of the Heart in Soldiers bl 
the Teleroentgen Method, Arch Int Med 25 499 (May) 1920 
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will be accompanied, in the same sense, b} corresponding changes m 
the aieas outlined The subjectn^e, arhitrar} construction formerly 
employed may, therefore, properly he replaced by one which is ohjectue 
even though arbitral y in its \aiiations 
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Fig 3 — Graph of cardiac measurements in a normal j'oung man, G S, 
aged 17 Seven plates were made during a sixteen day period 


CONTROL SERIES 

Variations m the caidiac measuiements m the same peison from 
day to day may be due either to the fact that significant changes m the 
size of the heait actually occur under oidinary conditions or to technical 
errors in the method of measurement To obtain data on this point, 
roentgenograms were made, according to the technic described, of three 
normal young men who were workers in the laboratory Plates were 
taken every second or third day until six or seven had been made 


Table 2 — Ex postn cs Made Dumig Noimal In^ptiatioti 


Horizontal Posture 





t 

Maximum 

Maximum 

Transverse 

Long 




Right, 

Left 

Diameter, 

Diameter, 

Area, 

tnf le 

Date 

Cm 

Cm 

Cm 

Cm 

Sq Cm 

Degrees 

Feb IS 

54 

7 9 

13 3 

14 0 

111 

35 

Feb 21 

52 

SI 

13 3 

14 1 

113 

35 

Feb 23 

5 7 

7 7 

13 4 

14 1 

113 

37 

Feb 25 

5 5 

7 8 

13 3 

14 1 

113 

30 

March 1 

50 

7 0 

13 2 

14 0 

111 

3S 

March 3 

50 

7 5 

131 

13 9 

109 

37 




Maximum Variations 

A 




05 05 0 ? 02 4 3 


* These roentgenoBrams were made of D W L , a man, aged 18 jears, a normal person 


(Table 2 ) Measurements of these roentgenogi ams show that the 
maximum variation m transverse diameter was 0 6 cm , in long diameter 
0 4 cm and m area 8 square centimeters ^ 

3 Measurements of MR ML and the angle of inclination are included 
in the tables for purposes of reference, but will not be alluded to m the 
discussion 


362 


ARCHIVES OF INTERNAL MEDICINE 


the ends of the lines defining the borders, a simple geometric con- 
struction was adopted, which rendeied the procedure entirely objective 
(Fig 2) In Figure 2, the heavy lines a d and h e represent, respec- 
tively, right and left hordeis, traced from the roentgenogram Using 
the distance a & as a radius and a as a center, an arc was drawn With 
the same radius, but with b as a center, another arc was drawn, inter- 
secting the first at the point c With c as center and a b again as a 



1 I I ■ I ■ I I I ■ I 
0 1 2 3 4 5 

Fig 2* — Construction of the cardiac silhouette, showing area, diameters 
and angle 

radius, the points a and b were joined The arc d e tvas constructed m 
like fashion, employing the radius d e and the point f as center The 
area so delineated was measuied with a planimetei 

It IS evident that if the distances a b and d e are constant, the areas 
bounded by these lines and their corresponding arcs must likewise be 
constant in value Variations m these distances, on the other hand, 
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by mouth, in the form of digitan Of the eleven patients not receiving 
digitalis, eight (72 7 per cent) showed cardiac enlargement, of the 
ten receiving this drug, five (50 per cent ) showed cardiac enlargement 


Table 3 — Summa}y of Twenty-One Cases of Lobai Pneumonia 
Giouped Accoiding to Pneumococcus Types 


Type I 

Number 
of Cases 
12 

Per 

cent ige 
W 1 

Type II 

Type IIA 


151 

Typo III 

1 

5 1 

Group IV 

5 

"2 7 

Type I — ^12 Cases 

No change m heart size 


25 

Change 

9 

75 

Cases Not Beceivinff Digitalis— 7 

No change in heart size 

1 

1-1 3 

Change 

C 

85 7 

Oases RecelviDg Digitalis — 5 

No change in heart size 

2 

40 

Change 

3 

00 

Type II and IIA— 3 Oases 

No change in heart size (1 received digitalis) 

2 

00 7 

Change 

i 

33 3 

Type III— 1 Case 

Change— Digitalis gi\en 

Group IV — 5 Cases 

No change in heart size 

8 

00 

Change 

2 

40 

Oases Not Receiving Digitalis— 2 

No change m heart size 

1 

50 

Change 

1 

EO 

Cases Receiving Digitahs— 3 

No change in heart size 

2 

007 

Change 

1 

33 3 


Table 4 — Summaiy (284 Plates) 



Number 

per 



of Oases 

cent igc 

Lobar Pneumonia- 21 Cases 




No change in heart size 


8 

381 

Change 


13 

619 

(a) In all measurements 

9 



(b) In long diameter and area onij 

4 



Oases Not Receiving Digitalis— 11 




No change in heart size 


O 

27 3 

Change 


8 

72 7 

(a) In all measurements 

0 



(b) In long diameter and area onlj 

> 



Oases Receiving Digitalis— 10 




No change in heart size 


5 

50 

Change 


5 

50 

(a) In all measurements 

4 



(b) In long diameter and area only 

1 



Bronchopneumonia — 8 Cases 




No change m heart size 


G 

75 

Change 


2 

25 

(Change occurred in all measurements) 




Oases Not Receiving Digitalis or Strophanthin — C 




No change in heart size 


4 

667 

Change 


o 

33 3 

Oases Receiving Digitalis or Strophanthin— 2 




No change in heart size 


o 

100 

Change 


0 



(Table 4) From these facts it appears that (1) m about 62 per 
cent of these cases of lobar pneumonia, cardiac dilatation occurred 
during the course of the disease, (2) cardiac dilatation occurred less 
frequently m the patients vho received digitalis than in those v\ho 
did not 
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In order to ascertain the effect of fever and tachycai dia on the size 
of the heart, measurements of the heart were made m a patient with 
acute bronchitis and pulmonary tuberculosis, but without signs of con- 
solidation m the lungs The maximum vai lation m transverse diameter 
was 0 7 cm , in long diameter 0 2 cm and in area 1 sq cm That fever 
and tachycardia per se are not necessarily associated with a change in 
the size of the heart was later abundantly confirmed by observations on 
cases of pneumonia m which no alteration was noted (Fig 4) 

It seemed reasonable, on the basis of these findings, to regard as a 
significant change m the outline of the heart a variation of 1 cm or 
more m one of the diameters, or of 10 sq cm or more in area Usually, 
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Fig 4 (Case 24) — Clinical chart and cardiac measurements of a woman, 
N J , aged 27, who had bronchopneumonia of the right lower lobe, pneumo- 
coccus, group IV 


when a change was observed, it took place m all measui ements, and was 
of a greater order of magnitude than the minimal criteria established 


RESULTS IN PNEUMONIA 

Lohai Pneumonia — The twenty-one cases studied presented \ary- 
ing degrees of severity Bacteriologic examination of the sputunis 
showed the usual types of organisms (Table 3) The senes is too 
to permit of generalizations which take into account age and sex 
the entire group, thirteen patients (61 9 per cent ) showed an increase 
m the size of the heart during the course of the illness Eleven of th^ 
patients did not, however, receive digitalis , to ten this di ug ivas given, 
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The order of magnitude of the change is of interest (Table 5) In 
the patients not receiving digitalis, the increase m transierse diameter 
was from 4 5 to 15 4 per cent (an average of 9 3 per cent ) , in long 
diameter from 4 4 to 13 5 per cent (an average of 8 2 per cent , in 
aiea from 11 6 to 27 1 per cent (an average of 16 5 per cent ) In the 
digitalized patients who showed enlargement, the increase in trans- 
verse diameter was from 3 6 to 192 per cent (an a\erage of 11 0 per 
cent), in long diametei, from 2 6 to 19 7 per cent (an a\erage of 
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Fig 6 (Case 15) — Silhouettes showing extremes of variation in heart size 

10 2 per cent ) , in area from 11 1 to 37 3 per cent (an average of 
18 5 per cent ) The difterences in the two groups are not striking 
The averages in the second group are increased b} the figures obtained 
from a patient with Type III pneumococcus infection involving the 
entire right lung and the left lower lobe In this man, critically ill, 
the transverse diameter fell from 13 6 cm at the height of the disease 
to 114 cm during convalescence, the long diameter from 17 0 to 14 2 
cm , the area from 136 square cm to 99 square cm (Figs 5 and 6) 
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Fig 5 (Case 15) — Clinical chart and cardiac measurement of a man, aged 29, with pneumonia of the 
right upper, middle and lower lobes and of the left lower lobe, pneumococcus, Type III 
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The correspondence in this case between the size of the heart and the 
clinical condition is sti iking Digitalis was not administered until the 
sixth day of illness, at a time when the patient’s life hung in the balance 
The temperature from this day on fell by lysis and the heart dcci eased 
m size, reaching a constant level on the twentieth da}’’ of disease 

As a rule, the increase m heart size was gradual, often reaching its 
maximum at the height of the disease, but sometimes after the subsi- 
dence of fever The return to a constant level was also gradual, at 
times lagging behind the fall in temperature and pulse rate (Figs 7 
and 8) In a number of cases, there was maiked postfebnle decrease in 
size, the heait at this time being smallei than duiing later convalescence 
(Figs 9 and 10) In two instances, one patient receiving digitalis 
(Case 16), the othei (Case 7) not receiving this drug, the heait was 
distinctly larger during convalescence than during the height of the 
illness In both cases there was pronounced biad}cardia during the 
convalescent period 

In the thirteen patients showing increase in the size of the heart, 
the change was observed in all measuiements m nine, in long diametei 
and area only, in four The transverse diametei was accoidingly the 
least lehable index of vaiiation The greatest peicentage variation 
occurred m the area It is impossible to attempt to deteimme fioni the 
tracings which chamber or chambers of the heait participated in the 
enlaigement For the method employed measures onl) a portion of the 
heart, m a single plane 

Bi oncho pneumonia — Eight cases were studied (Tables 4 and 5) 
Of these, a change m the size of the cardiac silhouette occuiied in two 
(25 per cent ), and was obseived in all measurements In one patient 
with diffuse, bilateral, streptococcus pneumonia, of wdiom plates w’eie 
made until three days before death, theie was seen a piogressi\e diminu- 
tion 111 the size of the heait (Case 26) No observations weie made 
during the last thiee days He received no digitalis 

Of the eight cases, one, a boy of 19 years, receued digitalis, begin- 
ning on the sixth day of the disease , another, w'-ho had mitral stenosis, 
leceived 0 7 mg of strophanthin intravenously on the eighth day of 
illness Neither of these patients showed a change m the size of the 
heart The diugs were given late in the couise of the pneumonia so 
that their influence on the behavior of the heart is a matter of doubt 

In brief, it is apparent that cardiac dilatation is less frequent!} 
encountered m bi onchopneumonia (25 per cent) than in lobar pneu- 
monia (61 9 per cent ) When it occuis as wull be seen from Table 5 
and from Figures 7 and 8, the change is comparable m dcgiee and 
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Table S — Summary of Tzuenly-Onc Cases of Lobat Pneumoma and Eight 
Cases of Bi onchopneumonia. Showing Relation of Changes in Heait 

Sme to Digitalis Theiapy 
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of cardiac dilatation in lobar pneumonia (61 9 per cent ) than in 
bronchopneumonia (25 per cent ) Aside from structural change, there 
are present in pneumonia at least three conditions which are con- 
cerned m throwing an added burden of ivork on the heart These are 
(1) impairment of the circulation m the pneumonic lung, (2) toxemia, 
and (3) anoxemia 

(1) Impairment of the Circulation in the Lung In a stiid}-^ of 
injected lungs from patients dying of lobar pneumonia, Kline and 
Winternitz’’ and, more recently. Gross® have demonstrated \arying 
degrees of vascular obliteration, depending in extent on the stage of pul- 
monary consolidation In a lung described by Gross, in which the two 
upper lobes were consolidated, the lower lobe sho\ved tremendous dilata- 
tion of the vessels with massive injection The capillaries appeared to 
be two or three times their normal caliber, and the entire lobe presented 
a striking picture of compensatory arterial dilatation In the uppei lobe, 
there was some preservation of the circulation, but the injected vessels 
were narrowed The middle lobe showed general lack of injection, only 
several large, compressed branches Avere apparent, and these ended 
abruptly Thus, when exudation is at its height, there is almost com- 
plete vascular obliteration With the arterial bed in the lung markedly 
diminished in area, the pressure in the pulmonary artery is increased, 
and the right ventricle is obliged to contract against a heightened i esist- 
ance ° In bronchopneumonia this factor is probably of less significance 
than in lobar pneumonia 

(2) Toxemia The heart muscle in pneumonia is fed by blood con- 
taining bacterial toxins and perhaps also products of autolysis yielded by 
the exudate in the lung aKeoli Pertinent experimental evidence on the 
effect of these poisons on the heart is afforded by the Avork, on dogs, 
of Newburgh and Porter They found that the heart muscle is not 
functionally impaired in pneumonia, since the pneumonic ventricle beats 
normally as soon as it is fed Avith normal blood , that pneumonic blood, 
suddenly fed to normal heart muscle, loAA^ers its efficiency, lessening the 
duration and the force of contraction, but that the heart muscle in 
pneumonia, exposed gradually to the action of the poison, largely adjusts 
itself to the poisoned food Clinical observations lend support to these 
findings 

7 Kline, B S , and Winternitz, M C Studies Upon Experimental Pneu- 
monia in Rabbits VIII Intra Vitam Staining in Experimental Pnjjumonia 
and the Circulation in the Pneumonic Lung, J Exper M 21 311, 1915 

8 Gross, L Preliminary Report on the Reconstruction of the Circulation 
of the Liver, Placenta and Lung in Health and Disease, Canad M A J 
9 632, 1919 

9 Wiggers C J Circulatorj Failure, T A LI A 70 508 (Feb 23) 1918 
10 NeAvburgh, L H , and Porter, W T The Heart Muscle in Pneumonia, 

T Exper M 22 123, 1915 
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character to that seen m the latter condition Evidence of the influence 
of digitalis IS scant, but it tends to support the view that when the 
drug IS given, cardiac dilatation is less likely to occur 

DISCUSSION 

Cai dmc D^latahon — The heart is able to adapt itself in remarkable 
fashion to variations in the demands made on it in the form of 
mechanical work The mechanism of this adaptation has been made the 
subject of particular study by Starling,'* employing the heart-lung prepa- 
ration He found that any increase in the work of the heart, however 
caused, whether by a rise in the arterial pressure or by a more rapid 
venous inflow, is attended by a corresponding increase in the volume 
of the ventricles And, within ph} siologic limits, the larger the volume 
of the heart, the gi eater is the energy of its contractions as measured 
by systolic output The law of the heart is thus the same as the law 
of muscular tissue in general, that “the energy of contraction, however 
measuied, is a function of the length of the muscle fibre” Up to a 
physiologic optimum, cardiac dilatation is an adaptive, compensator)'^ 
mechanism farorable to the maintenance of an adequate circulation 
In a healthy person, to accomplish this adaptation may be only a tempo- 
rar) necessity, for the circulation improves as a result of augmented 
cardiac efficiency, the cardiac tone itself increases, and the heart gradu- 
ally returns to a normal volume even though doing increased work 
But, when the heart is fatigued or diseased, the secondary improvement 
fails to appear, and the myocardium remains dilated over the period of 
increased work If the work is prolonged, dilatation may become 
permanent, and may even exceed the optimum length of muscle fiber 
If this occurs, the muscle must contract at so great a mechamcal dis- 
advantage that heart failure ensues 

Anatomic lesions in the heart in pneumonia are, according to a 
majority of investigators, infrequent and, relatively spealang, insig- 
nificant ^ In the pneumonias associated with influenza in soldiers, 
Stone,® however, reports parenchymatous, fatty and hyaline degener- 
ation or evidence of inflammatory reaction in the heart muscle in 79 3 
per cent of the microscopic sections from thirty-fohr necropsies of 
cases of lobar pneumonia and in 594 per cent of the sections from 
thirty-seven necropsies of cases of bronchopneumonia It is of interest 
to recall, in this connection, the greater frequency, in the present study, 

4 Starling, E H The Linacre Lecture on the Law of the Heart, 
Longmans, Green & Co , London, 1918 

5 Cohn, A E , and Jamieson, R A The Action of Digitalis in P*^^***”®”! ’ 

J Exper M 25 65, 1917 (This article, on p 73, contains a review ot tne 
literature ) -d ts 

6 Stone, W J The Heart Muscle Changes in Pneumonia, with Rernar 
on Digitalis Therapy, Am J M Sc 163 659, 1922 
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Another consideiation, however, leads to the suggestion that digi- 
talis ma} be a lationally useful therapeutic measure Cohn and I 
ha\ e shou n, in dogs, that digitalis, in amounts comparable to the thera- 
peutic dose m man, inci eases the contractile powei of the ventricular 
muscle, and by so doing augments systolic volume output At a time 
when the inciease m output occuis, there are usually characteristic 
changes m the T-W'a\e of the electiocardiogiam 

From the facts presented in this papei, it is evident that the heart 
muscle in pneumonia ma}' attempt, by calling on a reseive mechanism, 
dilatation to augment s\stolic output In a relatively large number of 
the patients wdio leceived digitalis, the heart did not increase m size It, 
theiefore, seems leasonahle to infei that wdien the ventricle is stimu- 
lated to increased foice of conti action by digitalis, the compensatory 
mechanism of dilatation, in some instances at least, is not called into 
pla\ To that extent, the leseive foice of the heart is not encroached 
on It IS, iherefoie, logical to suggest the use of early and adequate 
digitalis theiap} m pneumonia, in the belief that it ma} exert a bene- 
ficial elTect not onl} m the presence of auriculai fibrillation and flutter, 
but also when the normal ihythm pre\ails 

SUMMARY 

1 A teleroentgenographic study w'as made of tw'ent}-one cases of 
lobar pneumonia and eight cases of bronchopneumonia, employing a 
special teclinic in making the plates and a new' method m completing 
the outline of the cardiac silhouette 

2 In lobar jmeumonia, caidiac dilatation occuried in 61 9 per cent 
of the cases Dilatation w^as less frequently obseived in patients who 
recened digitalis (50 pei cent ) than in those to w'hom the diug Yvas 
not gnen (72 7 per cent ) 

3 In bronchopneumonia, caidiac dilatation was less frequent than 

in lobar pneumonia, hSvmg been obseived in 25 per cent of the cases 
The two patiejits in this gioup w'ho leceived digitalis showed no 
dilatation • 

4 fl'he heait muscle in pneumonia may attempt, by lengthening its 
muscle fibers, to augument systolic output Digitalis, in therapeutic 
doses, incre.ises the contractile pow'er of the ventricles On the basis 
of these facts, eaily and adequate digitalis theiapy is suggested m pneu- 
monia, in the belief that the drug may exert a beneficial effect, not only 
in the jiiesence of auriculai fibiillation and fluttei, but also w'hen the 
normal ihythm pievails 

13 Cohn, A E, and Levy, R L The Effect of Therapeutic Doses of 
Digitalis on the Contraction of Heart Muscle, Proc Soc Expei Biol & Med 
17 160, 1920 
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(3) Anoxemia High aiterial iinsaturation, with its accompanying 
clinical manifestation, c}anosis, is a fiequent occuirence in both lobar 
and bronchopneumonia, due, in large measure, according to Stadie,^^ to 
an impairment in the function of the respirator}’’ surface of the lungs 
The greater the lung involvement, the greater is the anoxemia Espe- 
cially IS this so when the pneumonic process extends throughout the 
lungs, as IS the case when theie are many patches of bronchopneumonia, 
with accompanying bronchitis and edema That the circulation as a 
whole may suffer fiom oxygen want is evident from Stadie’s observa- 
tion that, after administration of oxygen in 60 per cent concentration in 
a closed chamber, to a moribund and pulseless patient, the heart rate fell 
from 160 to 120, the pulse returned to the radial artery, the color 
became pink, and there was i emarkable clinical improvement Other, 
less striking observations support this view No records of the size of 
the heart were made in his cases 

It seems clear, then, that for the reasons given, and perhaps others, 
the heart may be called on to do more than its usual quota of mechanical 
work in pneumonia, and that, in certain instances, it responds to the 
increased demands made on it b} dilatation, with resultant lengthen- 
ing of its muscle fibers Whether the physiologic optimum of lengthen- 
ing IS ever exceeded, remains an open question Certainly the signs of 
heart failure, in the ordinal} sense, are conspicuous by their absence 
The venous pressure, taken by the method of Hooker, was, moreover, 
111 a number of our cases, within normal limits The mechanism of 
adaptation, as has been pointed out, is a gradual one, sometimes reach- 
ing its maximum after the height of the disease has been passed The 
return of the heart to a smaller and constant volume is likewise a 
gradual piocess, and, m that sense, may be regarded as indicating 
recovery from a functional injury 

The Thei apcntic Use of Digtahs — Clinicians aie agreed that when 
auricular fibrillation oi flutter occurs in the course of pneumonia, the 
prompt exhibition of digitalis in adequate doses exeits not merely a 
beneficial effect but is at times responsible for the saving of life In the 
presence of normal (sinus) rhythm, there is still doubt as to its value 
Cohn and Jamieson ° have pointed out that in patients with pneumonia 
the usual digitalis effects on aunculoventncular conduction and on the 
T-wave of the electrocardiogram may be obtained, and that whatever 
beneficial action the drug has on the function of the normally beating, 
nonfebnle heart may also be expected from its use in pneumonia 

11 Stadie, W C The Oxjgen of the Arterial and Venous Blood m Pneu 
monia and Its Relation to Cyanosis, J Exper M 30 215, 1919 

12 Stadie, W C The Treatment of Anoxemia in Pneumonia m 
Oxygen Chamber, J Exper M 25 337, 1922 
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35 


992 

88 

12/24/10 

25 

4185 

’9 

11 1 

16 0 

16 9 

183 

33 


990 

88 

12/30/19 

81 

4143 

4 8 

10 2 

15 0 

10 4 

138 

30 


996 

88 

2/ 7/21Raurned4900 

48 

10 5 

15 3 

15 0 

141 

34 





* CnEC C, Jj M , n irinn, nKCd 21 jonrs, hnd pneumonia of the right and loft lower lobes 
Pneumococcus, Type I, and P Innucn7ao were present The patient recovered 
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Table 6 — Fmdvigs m a Cate of Loba) Pneumonia * 






Boentgcnographic Data 

A 



Clinical Data 



Day 


Mavi- 

JIa\i- 

Transterse I ong 




Maxi 

1 


ot 


mum 

mum 

Diam 

Diam 

Area, Angle 

Serum, 

mum 

Maxi 


Bis- 

Plate 

Bight, 

Left, 

etcr 

eter 

Sq 

Be- Scrum 

, Dis 

Temper- 

mum 

Date 

ease 

No 

Om 

Cm 

Cm 

Cm 

Cm 

grecs C c 

ease 

ature 

Pul'O 

1/ 2/20 

o 

4161 

28 

02 

12 0 

13 3 

so 

25 100 


104 5 

128 

1/ 5/20 

s 

415S 

20 

00 

11 0 

13 5 

03 

36 


ICOl 

80 

1/ V/20 

10 

4164 

24 

03 

11 7 

12 6 

84 

20 


1001 

80 

1/ 0/20 

12 

4171 

20 

81 

110 

12 3 

81 

32 


100 0 

84 

1/14/20 

17 

4184 

32 

83 

11 6 

12 4 

82 

31 


090 

86 

1/16/20 

10 

4103 

32 

83 

115 

12 7 

83 

32 


996 

81 

1/10/20 

22 

4204 

33 

87 

12 0 

13 3 

88 

33 


096 

84 

1/21/20 

h 

4215 

3 5 

78 

11 3 

12 7 

80 

33 


093 

96 

1/23/20 

26 

4227 

36 

84 

12 0 

13 0 

SO 

31 


093 

SO 

1/26/20 

20 

4237 

33 

84 

11 7 

13 0 

82 

33 


994 

85 

2 / S/21Betumcd4907 

4 0 

84 

12 8 

131 

85 

28 



SO 

* Case 1, 
coccus, Type 

r M, 

I, and 

a man, aged 52 years, had pneumonia of the left lower lobe Pneumo 
B influenzae noro present 'nie patient recovered 




Table 7 — 

■Findings 

111 a 

Case of Lobai Pneumonia* 







Boentgcnographic Bata 



Clinical Data 
* 



Day 


Maxi 

- Maxi Transverse Long 




Maxi 

Maxi 


Of 


mum 

mum 

Diam- 

Diam 

Area, Anglo, 

Scrum, 

mum 


Bis 

Plato 

Bight, Ix!ft, 

etcr 

etcr 

Sq 

De- Serum, D!s- ' 

Temper- 

mum 

Bate 

ease 

>0 

Cm 

Cm 

Cm 

Cm 

Cm 

grees C c 

case 

aturo 

PUI6» 

12/15/19 

4 









105 4 

124 

12/16/19 

5 

4104 

4 5 

00 

14 1 

15 8 

120 

40 245 


105 2 

128 

12/17/19 

G 







195 


103 0 

lOS 

12/18/19 

7 

4113 

40 

10 7 

14 7 

16 8 

136 

40 ICO 


1015 

lOO 

12/20/19 

9 

4120 

36 

10 6 

14 2 

15 6 

125 

39 


906 

68 

12/21/10 

10 








+ 

992 

68 

12/21/10 

11 

4122 

29 

10 2 

131 

14 8 

107 

40 

+ 

997 

96 

12/24/19 

13 

4132 

30 

10 4 

13 4 

14 8 

110 

38 

+ 

997 

93 

12/30/19 

19 

4140 

30 

112 

14 2 

16 0 

115 

33 

1* 

998 

92 

1/ 2/20 

22 

4149 

42 

07 

13 0 

16 3 

120 

37 


990 

90 

1/ 3/20 

23 









996 


1/ 6/20 

25 

4155 

39 

08 

13 7 

15 0 

115 

39 


996 

88 

1/ 7/20 

27 

4163 

35 

10 4 

ISO 

15 7 

120 

41 


984 

8S 

1/ 9/20 

29 

4168 

4 4 

09 

14 3 

15 4 

118 

38 


9S6 

90 

2/ 4/21R-eturned4978 

60 

83 

13 3 

14 3 

113 

41 




* Case 2, M 

P, 1 

ai woman, aged 20 years, 

, had pneumonia of the left lower lobe Pneumo 

COCCUS, 

Type I, 

was 

present- Hic patient recovered 








Table 8 — 

■Findings 

in a 

Case of Lobai Pneumonia * 

■ 




Roentgcnographlc Data Clinical Data 

X — — 



Bay 

t 

Maxi- 

jfaxi 

Transverse Long 




Maxi- 



of 


mum 

mum 

Biam 

Biam 

Area, 

Angle, 

Scrum, 

mum 



Bis 

Plate 

Eight, 

Left, 

etcr 

eter 

Sq 

Be- Serum 

, Dis- 

Temper 


Bate 

ease 

No 

Om 

Cm 

Om 

Cm 

Om 

grees O c 

ease 

ature 

11/25/19 

4 









103 8 

120 

120 

11/26/19 

5 

4008 

45 

113 

15 8 

16 0 

145 

32 300 


103 8 


11/27/19 

6 







195 


102 8 

JIIA7 

go 

11/28/19 

7 

4014 

47 

10 7 

15 4 

16 0 

141 

38 


1002 

TO 

12/ 1/19 

10 

4028 

38 

12 7 

16 5 

16 7 

147 

S3 


99 2 

78 

12/ 2/19 

11 









99 2 

99 

12/ 3/19 

12 

4042 

4 1 

11 3 

16 4 

151 

123 

82 

-1- 

99 6 

78 

12/ 5/19 

14 

4061 

41 

11 4 

15 6 

14 8 

124 

34 

-1- 

990 

72 

12/ 8/10 

17 

4069 

34 

11 9 

15 3 

14 8 

124 

29 

+ 

99 4 

86 

12/10/19 

19 

4083 

4 5 

in 

156 

15 7 


28 

-f 

994 

78 

12/12/19 

21 

4090 

4 4 

11 1 

15 5 

15 3 

126 

34 


99 2 

78 

12/15/19 

24 

4100 

4 2 

11 3 

15 5 

15 8 

132 

34 


99 0 


2/ 2/21E«turned4965 

56 

90 

14 6 

15 5 

138 

44 





* Case S, S P , a man aged 36 years, had pneumonia of the left loiver lobe Pneum 
coccus, Type I, and B influenzae were present The patient recovered 
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Ro(nti,tnoi,riipbic Data 



Clinical Pata 




3fa\i 

Jlfa\i 

Tt ansi erso Lonfr 


’ 

' J\fn\l 

3 




iiunn 

mum 

Plain 

PI am 

Area, 


mum 

Ma\l 

PiK 

Dn^ of 

Platt 

nif,bt, 

left, 

cter. 

ctor. 

Cm 

Sq 

Anfele, 

Temper- 

miun 

IJl'-oaso 

No 

Cm 

Cm 

Cm 

Cm 

PcfiTces 

aturo 

Pulse 

^/2S/21 









105 0 

120 

"/jo/ai 

t, 

>270 

1 7 

80 

13 3 

14 1 

105 

39 

10-1 1 

108 

3/ >1/21 

f> 

'■)2i:0 

1 (> 

88 

11 I 

11 3 

105 

10 

09 2 

72 

if 2/21 

10 

5201 

i 0 

0 7 

11 1 

14 3 

101 

30 

99 2 

80 

ii y2i 

13 

\ 07 

1 (> 

8 3 

12 0 

13 7 

100 

38 

99 0 

70 

if V/21 

r> 

5311 

1 1 

8 1 

12 8 

13 5 

101 

38 

194 

72 

if %'21 

17 

silo 

3 0 

0 2 

131 

13 8 

101 

30 

999 

80 

4/11/21 

10 

*> > 

1 1 

0 1 

132 

110 

lOS 

11 

100 0 

80 

4/13/21 

21 

>3i(> 

1 2 

8 4 

12 0 

13 5 

101 

i9 

1001 

74 

i/V>/21 

23 

si >2 

1 ') 

80 

12 5 

14 1 

101 

12 

100 0 

88 

4/lf>/21 

20 


4 2 

8 0 

131 

11 2 

101 

38" 

99 0 

64 

4/20/21 

2S 

53fcl 

4 i 

b 5 

12 8 

110 

101 

37 

ICOO 

90 

4,22/21 

0 

5300 

4 5 

S 7 

13 0 

11 1 

101 

SO 

100 0 

to 

4/2V21 


5i!if> 

1 7 

82 

12 9 

11 3 

]0> 

11 

1001 

92 

4/27/21 

3.'i 

510j 

1 2 

* 8 3 

12 5 

119 

101 

39 

918 

88 

*• Ca'^t 
firoup n , 

10, ,1 
\\nf> jtn 

, a man, aptti 2&, bad pnLiinioniu 
stilt 'Jim patitnt rccottrtd 

of tbe left loner lobe 

Pneiiinocoecus, 



1 Mil I 16 

— Pindings in 

a Case of Lohai 

Pneumonia 

t 






H(Knli,(nof,rnpbIe Data 



Clinical Pata 




Ma\l 

5Ia\i 

'Jriiiisttrse Ixmi, 



iMa\I- 

' 




mum 

mum 

Plain 

Piam- 

\rea. 


mum 

Mavl 


Paj of 

Plate 

Itlcbt, 

left, 

( ter. 

tier, 

Sq 

Ani,le, 

'I'emper- 

mum 

Pali 

POtn'e 

No 

( m 

Cm 

Cm 

Cm 

Cm 

Pegret s 

atiiio 

Pulse 

2/14,21 

(> 








101 2 

lie 

2/15 21 

4 

5037 

1 ) 

88 

12 I 

13 1 

79 

27 

101 0 

100 

2/17/21 

0 

50)1 

1 8 

8 h 

12 0 

1 3 

62 

27 

08 8 

81 

2/18/21 

10 

5059 

1 2 

8 I 

12 0 

13 2 

81 

20 

98 8 

61 

2/21/21 

13 

5072 

1 0 

6 5 

12 5 

130 

61 

25 

990 

60 

2/22/21 

14 








990 

00 

2/23/21 

15 

5080 

37 

8 7 

12 1 

12 7 

77 

21 

59 (> 

81 

2/25/21 

17 

5067 

3 '• 

8 2 

12 1 

12 5 

7() 

20 

99 (. 

00 

2/2S/21 

20 

5101 

3 i 

88 

12 1 

12 4 

77 

2.5 

99 1 

ito 

Cjim, 

mo(ouu«, 

11 S 13, a loiitli aced 13 \tais, liad 
'J'jpt I, and 13 inibanrai were i>rcscnl 

pneumonia of tbe rlf,bt uppci lobe 
'1 be jiatlcnt recot ered 

Pneu 




T AI-I I 

17- 

-Findings in 

a Case of Lohai 

Pneumonia ”■ 






I?ocnl).tnof,rapbic Pata 




Clinical Pata 



Oaj 

' 

5Ia\l 

5ln\l- 

'Tr a nB 

Lonp: 






Ma\l 



of 


mtiin 

mum 

Plain 

Plain 

y\ion, 


&( mm 

Plci 

mum 

Ma\i 


Pit 

Plate HI) lit, 

Uft, 

etcr. 

cter, 

Sq 

Pe ,Seumi, 

, Pis 

tan. 

'IVinpc r 

mum 

Pate 

( MSf 

No 

Cm 

C 111 

Cm 

Cm 

Cm 

Ortts 

Cc 

disc 

Gm 

lltlllO 

Pulse 

2/ 0/21 

1 











101 4 

120 

2/ 7/21 

5 

5001 

5 1 

90 

14 1 

15 1 

120 

10 

200 


02 

100 7 

150 

2/ 8/21 

0 








1(0 


0 1 

103 1 

128 

2/11/21 

9 

50" 1 

5 3 

8 0 

13 9 

15 3 

119 

41 




99 3 

08 

2/14/21 

12 

5031 

5 2 

8 1 

1 10 

150 

110 

39 


d 


99" 

92 

2/10/21 

14 

5010 

1 8 

8 9 

13 7 

15 2 

114 

10 


1 


99 4 

10') 

2/19/21 

17 

5{K,2 

1 1 

9 0 

11 0 

16 0 

111 

38 


1- 


99 i 

82 

2/21/21 

19 

5070 

1 8 

9 1 

14 2 

15 0 

120 

36 


1 


99 0 

84 

9.l9P(‘U 

21 

5082 

5 0 

81 

13 7 

110 

109 

18 


+ 


99 8 

91 

2/25/21 

21 

5088 

5 5 

8 0 

11 1 

15 5 

121 

18 




08 5 

88 

2/38/21 

27 

TOO/) 

01 

70 

137 

151 

no 

87 




m i 

78 

3/ 3/21 

29 

5120 

5 3 

83 

130 

15 0 

108 

38 




99 0 

Of) 

1/ 7/21 

33 

5111 

5 3 

82 

13 5 

150 

111 

35 




99 0 

SO 


* (’inf 12, T O a man, aRcd "O ^oaro, bad iimMiinonIa of llic rlf,lit lo\\{r lobo Pnoti 
iiUKomis I. "ii*- I'lPMut 'l)i( patlnif rcrovdod 




Table 12 — Fiudiiigs in a Case of Lobai Pneumonia '' 






Rocntgcnographic D ita 



Clinical Data 




Jlnxi 

Mom 

Transt erse Dong 


- ""S 

Jlavi 

3 




mum 

mum 

Diiim 

Diam- 

Area 


mum 

Maxi 


Day of 

Plate 

Bight, 

Left, 

cter. 

cter. 

Sq 

Angle, 

Temper 

mum 

Date 

Disease 

^0 

Cm 

Cm 

Cm 

Cm 

Cm 

Degrees 

ature 

Pul'e 

3/ 9/21 

6 








103 9 

lOO 

3/10/21 

7 

5155 

40 

9 7 

13 7 

14 1 

109 

36 

1016 

92 

3/12/21 

9 

5167 

4 6 

85 

131 

13 9 

103 

40 

100 0 

88 

3/14/21 

11 

51G9 

57 

7 5 

13 2 

13 4 

101 

38 

1000 

72 

3/16/21 

13 

5185 

54 

7 5 

12 9 

13 1 

100 

39 

1001 

72 

3/18/21 

15 

5196 

50 

7 4 

13 0 

13 3 

101 

38 

096 

72 

3/21/21 

18 

5211 

55 

80 

13 5 

13 7 

100 

38 

994 

84 

3/23/21 

20 

5230 

5 5 

85 

14 0 

14 1 

110 

35 

99 4 

72 

3/25/21 

22 

5249 

50 

89 

13 9 

14 1 

112 

34 

996 

84 

3/28/21 

25 

5262 

O J 

84 

13 9 

14 0 

115 

33 

992 

70 

3/30/21 

27 

5275 

48 

90 

13 8 

14 3 

113 

33 

994 

72 

♦ Case 

7, F T 

, a man 

, aged 29 

years, had pneumonia of 

the riglit lower lobe 

Pneumo 

coccus, Group IV, 

and B 

influinzic were 

present 

Tile patient recovered 




Table 13 

— Findings in 

a Case of Lobai 

Pneumonia 

5( 



Rocntgcnographic Data Clinical Data 

K ‘ 




/ 






\ 

r 





Max-i 

Ma-vi 

Transterse Long 



Mom 

Maxi 




mum 

mum 

DIam 

Diam- 

Aren, 


mum 


Day of 

Plate 

Right, 

Left, 

etcr. 

cter. 

Sq 

Anglo, 

Temper 

mum 

Date 

Disease 

^o 

Cm 

Cm 

Cm 

Cm 

Cm 

Degrees 

ature 

Puhe 

12/ 4/19 

5 








103 8 

9S 

12/ 5/19 

6 

4059 

4 2 

no 

15 8 

10 5 

134 

33 

103 0 

96 

12/ 8/19 

9 

4070 

37 

no 

14 7 

10 8 

127 

37 

995 

72 

12/10/10 

11 

4081 

44 

91 

13 5 

15 9 

117 

39 

091 


12/12/19 

13 

4092 

50 

87 

13 7 

15 8 

113 

37 

093 

SO 

78 

12/15/19 

16 

4098 

5 2 

89 

141 

15 5 

114 

85 

090 

12/17/19 

18 

4109 

48 

0 5 

14 3 

15 9 

123 

33 

990 

84 

12/18/18 

19 








990 

78 

12/19/19 

20 

4118 

4 5 

10 0 

14 6 

15 8 

119 

28 

99 0 

Si 

12/22/19 

23 

4125 

4 5 

94 

13 9 

15 4 

120 

34 

900 

so 

12/24/19 

25 

4134 

38 

10 5 

14 3 

15 C 

122 

32 

992 

S2 

SO 

12/30/19 

31 

4144 

38 

10 8 

14 7 

15 7 

121 

27 

992 

* Case S, T M 

, n man, 

aged 47 

3 ears 

had pneumonia of the right lower 

• lobe 

Pneumo 

coccus. Type IIA, 

was present Hie patient rccocered 






Table 14 — 

-Findings in 

a Case 

of Lobai 

Pneumonia 

* 



Rocntgcnographic Data Clinical Data 


Date 

Day of 
Disease 

/ 

Plate 

Iso 

Maxi 

mum 

Right, 

Cm 

Maxi 

miun 

Left, 

Cm 

Transx erse Long 
Diam Diam 

eter, eter. 

Cm Cm 

Area, 

Sq 

Cm 

Angle, 

Degrees 

Maxi 

mum 

Temper 

ature 

Mnxi 

muni 

pulse 

4/12/21 

4/13/21 

6 

7 

5338 

3 4 

121 

15 5 

15 6 

127 

26 

1041 

102 9 

143 

102 

12 

4/18/21 

12 

5330 

3 7 

12 0 

15 7 

15 9 

130 

2> 

99 9 

S3 

maizi 

14 

5382 

4 4 

10 8 

15 2 

15 6 

120 

29 

99 4 

SO 

4/22/21 

16 

5391 

4 5 

111 

15 6 

15 7 

126 

”6 

99 9 

S4 

4/25/21 

IS 

5399 

53 

103 

15 6 

15 8 

123 

28 

99 6 

S’ 

4/27/21 

20 

5406 

55 

101 

15 6 

16 0 

125 

SO 

99 2 

8’ 

4/29/21 

22 

5417 

52 

99 

151 

15 5 

118 

28 

S9 4 


5/ 2/21 

26 

5431 

56 

99 

15 5 

15 5 

122 

26 

100 0 

S6 

5/ 4/21 

28 

5451 

5 5 

99 

15 4 

15 8 

128 

29 

99 6 

SO 

5/ 0/21 

30 

5464 

5 5 

98 

15 3 

15 6 

124 

32 

100 0 

so 

5/ 9/21 

33 

5474 

5 i 

10 5 

15 9 

16 0 

130 

30 

100 0 


* Oise 9, J K , a aouth, aged 18 jears, had pneumonia of the right and left lower 
Pneumococcus T\pe II was present The patient recovered 



Table 21 — Findings in a Case of Lobai Pneumonia 



Table 18 — Findings in a Case of Lobai Pneumonia* 





Eoentgcnographic Data 



Clinical Data 



Day 

t 

Ma\i- 

Maxi- 

Irans Long 




Maxi 



of 


mum 

mum 

Diam Diam 

Area, Angle 

Serum Dig! mum 

Mavi 


Dis- 

Plate Eight, 

Ixjft, 

otcr. 

Cter, 

Sq 

Do- Serum, 

Dis- 

tan. Temper mum 

Date 

case 

Eo 

Cm 

Cm 

Cm 

Cm 

Cm 

grccs 

Cc 

ease 

Gm ature 

Pulse 

3/22/21 

4 

5225 

41 

117 

13 8 

17 4 

138 

33 

180 


0 4 104 4 

106 

3/23/21 

5 








90 


0 4 102 6 

92 

3/24/21 

6 

5243 

49 

no 

15 9 

17 6 

141 

34 



100 8 

86 

3/2G/21 

8 

6257 

' 51 

10 3 

15 4 

17 5 

139 

39 



997 

80 

3/28/21 

10 

5263 

4 8 

10 9 

13 7 

17 0 

139 

33 


-f 

994 

CO 

3/30/21 

12 

5272 

4 4 

10 2 

14 0 

15 9 

119 

32 


+ 

1018 

92 

4/ 1/21 

14 

5286 

46 

101 

14 7 

10 2 

124 

35 



992 

£0 

4/ 4/21 

17 

6298 

49 

101 

16 0 

10 5 

127 

33 



994 

76 

4/ 6/21 

19 

5310 

47 

10 7 

15 2 

16 3 

129 

30 



992 

64 

4/ 8/21 

21 

6317 

45 

10 4 

14 9 

10 0 

122 

30 



991 

84 

4/11/21 

24 

5327 

47 

10 8 

15 5 

10 8 

124 

32 



991 

82 

4/13/21 

26 

5337 

42 

118 

16 0 

16 7 

128 

28 



990 

84 

Case 13, 

P O’M , a man, aged 25 years, had pneumonfa of the right upper, middle and 

lover lobes 

Pneumococcus, 

Tipo I, vns present The patient recovered 





Table 19 — 

Findings in a Case of Lobai 

Pneumonia * 





Eoentgcnographic Data 



Clinical Data 



Dai 

t 

Mnvl- 

Maxi- 

Trans Long 

N r 



Maxi 



of 


mum 

mum 

Diam Diam 

Area, 

Angle 

Serum DIgi- mum 

Maxi 


Die- 

Plate Eight, 

Lott, 

cter. 

cter. 

Sq 

Do- Scrum, 

Dis 

tan. Temper 

• mum 

Date 

ease 

No 

Cm 

Cm 

Cm 

Cm 

Cm 

grccs 

Cc 

case 

Gm ature 

Pulse 

11/11/21 

4 










10 IWO 

112 

11/12/21 

5 

5793 

55 

8 3 

13 8 

15 0 

no 
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♦ Case 14, 

E D, 

a man, 

aged 39 icais. 

had 

pneumonia of 

the left lover and right upper 

lobes 

Pneumococcus, Type 

I, ^\a6 present The patient rcco\crcd 
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Case 15, A T , a man, aged 29 years, had pneumonia of the right upper, patient 
loaer iobes and of the left lover lobe Pneumococcus, Tjpe III, was present 
recovered 
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• C l‘■t 

22 "M Q 

, a man, igcd 39 jears, had dilTuse bilateral bronchopncuinonia 

Pneu- 

inococcu^, 

Group 11 , .ind 

P influenzae were present 

Tlic 

patient recovered 
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-Bindings tn 

a Case 

of Bi onchopn 

eitmonia 

h 






Rocntgenographic Data 



Clinical Data 
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* Ca^e 23, r &, a voman, aged 35 jeirs, had bronehopneumonia of the 
I’m uiiioeoceuh. Group n, nas present Ulic patient recovered 

left lower lobe 
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* CiiFo ‘’1, A J , n A\omiiii, nf,crl 27 jtiirs, had broiichopneuinonia of tlic iiglit lower lobe 
Pntuiiiococttif- Group IV, imi‘. picstiU The p itlent recovered 


Table 24 — Findings m a Case of Lobar Pneumonia* 
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♦ Case 19, L TV , a louth, iged 16 jears, had pneumonia of the right loner lobe 
niococcus, Tjpe II, and B influenzae nere present Die patient rccotercd 

Pneu 
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mococcus, Group IV, 

a man, aged 3' 
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7 jears, had pneumonia of the right upper lobe 
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Onse 21, E It a man, aged 34 years, had pneumonia of the left lower lohe Pneumo 
coccus Group IV and B influenzae were present The patient iccorerod 
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* Ct'o G L , a boy, aged 7 lears, had diffuse bilateral bronchopneumonia 
coccus, Group IT, and B inllucnzae ^lerc present The patient died 
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Table 30 — Findings in a Case of Bronchopneumonia* 
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* Case 25, G B , a girl aged IS jears, had 

broncliopneumonia of 

the right loner 

lobe Streptococcus hemoljticus A\as present nic patient rcco\ered 
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* Case 26, 0 G , 

n man 

!, ag«l 

35, had 

diffuse bilateral 

bronchopneumonia Hemolytic 

streptococcus and B 

influenzae were present 

Tlio patient died 
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* Case 27, 31 K , 

a youth, aged 19 years, 

, had bronchopneumonia of the right lower lobe 

Pneumococcus Group IV, ^^as present Tbe patient reco\cred 
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* Case 2S, A D P a ■vroman, ag-ed Si years, had bronchopneumonia of the 
lobe, chronic endocarditis and mitral stenosis Staphylococcus aureus and aiDUS auu 
influenzae ivere present The patient recovered 
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tonsillitis in a coininunit} here this disease is prevalent each winter, 
and also to collect data on the “iioiinal” state of paiasitisin of the hein- 
ohtic sti eptococcus in a gionp of people among whom streptococcus 
disease uas not pieialent It seemed impoitant to find out not only the 
percentage of health} peisons who weie earners of hemolytic strepto- 
coccus. but also to stuch the t3'’pe of paiasitism fiom the standpoint of 
the number and distiibution of the organisms in the upper air passages 
A\'ith these facts recoided, one could latei discover whethei the cases 
of clinical streptococcus infection (tonsillitis) weie preceded by an} 
change m the numbei and distiibution of the carneis. whether there 
vas an^ alteiation m the t\pe of giowth of streptococcus on the mucous 
membranes, whethei such changes if present w^eie a sequel of the dis- 
ease outbieak and whethei the strains obtained from cases w'^eie iden- 
tical with or difierent tioin those prewousl} obtained from carneis 
The fundamental importance of such data in i elation to the definition 
of epidemic phenomena is ob\ious 

LITHRATLRE 

The hteiatuie on the occunence of the hemolytic streptococcus in 
the till oats of normal people is laige and too well knowm to require 
detailed reiiew', but in spite of the volume of obsei vations, little has 
been bi ought out which is helpful in intei preting epidemiologic phenom- 
ena Repoits concern themsehes chiefly wnth the baie incidence of the 
oiganisins. the implication being that the peicentage of positives depends 
laigcl} on the technic of isolation emplo}ed Arnold,^ foi example, m 
a leceiit suminai} of the hteiatuie, points out that vaiious observeis 
have recoNcied hemohtic streptococci in fiom 15 to 100 per cent of 
“normal' people Daws'’ found that if lepeated pharyngeal cultures 
were taken fiom a gioup of noimal students, soonei oi later the beta 
hemolytic streptococcus was lecoxeied Daws and Pilot,’ some yeais 
ago laid gieat stress on the piesence of the hemolytic sti eptococcus in 
the tonsils and suggested that these oigans were an important breeding 
place foi strains w^hich might latei pioduce autogenous infection This 
idea has been suppoited by otheis, and it is w'-ell knowm that the hemo- 
l}tic sti eptococcus is less fiequently found m the tin oats of those wdiose 
tonsils have been lenioved (Van Dyke,® Tongs”) The high incidence 
of hemolytic sti eptococcus in the men at ceitam camps duimg the wai 
suggested that concentration of people might lead to rapid dissemma- 

5 Arnold, L T Lab Chn Med 5 3, 1920 

6 Davis, D T T Infec Dis 29 524. 1921 

7 Pilot, I , and Davis, D J J Infect Dis 24 386, 1919 

8 Van Dyke, H B Hemolytic Streptococci m the Normal Throat After 
Tonsillectomy, T A M A 74 448 (Feh 14) 1920 

9 Tongs, M S Hemolytic Streptococci m the Nose and Throat, I A 
M A 73 1050 (Oct 4) 1919 



DEFINITION OF HEMOLYTIC STREPTOCOCCUS 
PARASITISM IN TPIE UPPER AIR PASSAGES 
OF HEALTHY PEOPLE 
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AUGUSTUS R FELTY, MD 

B\LT1M0RE 

The stud)^ of an epidemic oi of an outbreak of certain acute infec- 
tious diseases can perhaps best be approached from the standpoint of 
deviation from average or normal conditions Such a mode of attack 
seems speciall} applicable to those infections caused b} bacteria which 
may be harbored b} carriers, and which aie constantly present, at least 
to a certain extent, in the community , and the question which presents 
itself IS why the apparent balance between parasite and host becomes 
upset, with a consequent spiead of organisms and production of disease 
The problem is tremendousl} complex and doubtless involves inany 
unknown factois However, in the recorded studies of epidemics, cer- 
tain fairly definite alterations in the distiibution of the causal bacteria 
among the general population hav’^e been observed , the carrier rate both 
among healthy contacts and healthy noncontacts almost invariably rises 
During epidemics of meningitis, for example, the carrier rate may rise 
to 80 per cent among the contacts ^ in contrast to the av’^erage rate of 
about 2 per cent in nonepidemic times and under average conditions 
A similar phenomenon has been noted with the diphtheria bacillus," the 
fixed type pneumococci ^ and sti eptococci ^ 

It seems of gieat importance, then, in the intelligent study of the 
spread of respirator}"- infections, to know'^ as definitely as possible the 
“av’^erage,” “noimal” or “mean” distribution of the causal bacteria in 
nonepidemic times, in oider that a departure from such a distribution 
may be accuiately coi related with the occunence of cases of disease 
Such studies may }ield criteria which wull be helpful in differentiating 
sporadic from epidemic disease, a distinction which, as wall be shown 
later, cannot always be made on a basis of the number of cases alone 

In the present instance it w^as our plan to obtain control material 
wdiich wrould later be of help in explaining the mode of spread of acute 

*From the biologic division of the medical clinic, the Johns Hopkins 
University and Hospital 

1 Glover T Hygiene 17 350, 1918 

2 Graham-Smith Bacteriology of Diphtheria, Cambridge 1908, 1917 

3 Sydenstricker, V P, and Sutton, A C Bull Johns Hopkins Hosp 
28 312, 1917 

4 Blake, F G Am Otol , Rhinol , Lartngol 28 361, 1919 
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4 Studies to detemiine the degiee of dissemination of hemolytic 
sti eptococciis from cairieis to contacts in nonepidemic times 

5 Relation of carrier state to history of previous streptococcus 
infection (tonsillitis) 

aiATERIAL AND METHODS 

A group of about 200 women, students in the Johns Hopkins Hospital Nurses 
Training School, furnished material for the present study Through the 
interested and intelligent cooperation of the supervisors of nurses, it was pos- 
sible to keep the entire group under close observation, to obtain detailed 
information as to the exact location of their quarters in various dormitories, to 
obtain lists of room-mates, assignments to duty, etc , which were essential if 
useful contact studies were to be made Furthermore, all cases of sickness, 
e\en mild colds, sore throats, or respiratory infections were reported daily to 
the resident plnsician of the hospital so that accurate data on the incidence 
of these conditions among the members of the group were available 

The bactcnologic survey for hemolytic streptococcus was made in the fol- 
lowing wav A. certain number of nurses reported to the laboratory dailv for 
the taking of cultures At that time a brief hlstor^ and examination were 
recorded which included these points the name, age, room number (dormitory), 
name of room-mate, date of entry to training school, histor 3 ' of colds or upper 
respirator! infections, historj of tonsillitis, tonsillcctomi'^ (date), history 
of scarlet fc!cr or other possible streptococcus infection, appearance of 
pharjnx and tonsils with reference to sire, crypts, scarring, adhesions, 
exudate, etc 

Three cultures were taken from each subject 

The first culture w'as taken from the pharynx Taking care to avoid the 
tonsils and palate a straight cotton swab w’as vigorously rubbed over the 
posterior phartngeal wall, covering the entire accessible area The second 
culture W’as taken from the right tonsil A 10 cm piece of soft glass tubing 
5 bj 8 mm in diameter w'as draw'n out at one end to a capillary point about 
1 to 1 S mm in diameter, and bent at an angle of 20 to 30 degrees The wide 
end was stoppered with cotton, the pipct wrapped in paper and sterilized by 
dr\ heat Before use a piece of rubber tubing about IS cm long was attached 
to the w'lde end over the cotton plug With the tongue well depressed, the 
capillary tube A\as inserted decplv into one or more tonsil crypts, and material 
for culture wa*> aspirated by suction on the rubber tube With a little practice, 
this procedure became simple One usually obtained from the depths of the 
tonsil a drop or tw’o of thick white or gray granular or pasty material It was 
also possible W’lth the pipct to break adhesions over crypts and to approach 
the interior of tonsils which appeared superficially intact We should like to 
emphasize again that this procedure is a simple and satisfactory one for 
stud! mg the tonsillar fiora It caused the subjects less discomfort than swab- 
bing the throat, and there were no accidents or untoward effects from the 
manipulation A third culture !vas taken from the left tonsil The same 
method was used as in taking the culture from the right tonsil 

In subjects whose tonsils had been removed, a swab was taken from the 
pharjnx and a second combined swab from both tonsil fossae 

The swabs from the pharynx and the material aspirated from the tonsils 
were immediately placed in tubes of meat infusion broth, and a series of dilu- 
tions w’cre made in this medium Small amounts of the diluted broth con- 
taining the bacteria were added to 10 cc portions of S per cent human blood 
meat infusion agar (/>ii 7 4) which were shaken and poured into IS cm Petri 
plates The plates were incubated at 37 C. and studied after twenty-four 
hours The most difficult and essential point in the technic is to obtain an 
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tion (Fox and Flamburgei Levy and Alexander but that this is 
not the only factor is indicated by the studies of Walker/- who found 
the incidence of hemolytic streptococcus in a military organization to be 
essentially the same (from 16 to 20 per cent ) in the recruits arriving, 
in those departing, and in the permanent personnel It is of interest 
that streptococcus disease was absent in this unit during the time of 
the study 

It IS clear, then, that man} problems remain in regard to the signifi- 
cance and potential activity of the hemolytic streptococci found in the 
throats of healthy people As such activity is undoubtedly profoundly 
altered at times wlien streptococcus disease is highly prevalent, it 
seemed, as suggested above, that the first step should be a careful study 
of the nature of streptococcus parasitism m a group of healthy people 
under average conditions With this as base line, it would be much 
easiei to interpret the more complex findings in epidemic conditions 

In another place, emphasis u as placed on the importance of serial, 
quantitative and topographical cultures in explaining the sigmficance of 
bacteria found in the upper air passages It was pointed out that the 
mere recovery of an organism in itself meant little, unless quantitative 
and topographical data were obtained as veil Thus, a single colony 
of Staphylococcus awcus isolated on one occasion by throat culture 
might be of no significance, whereas hundreds of colonies of the same 
germ recovered on repeated occasions from a localized region, such as 
the tonsil, would undoubtedly indicate a focal infection Furthermore, 
an organism which grows diffusely over the mucous membranes of the 
mouth and throat may have a different significance from one which is 
confined to a local focus of diseased lymphadenoid tissue 

An attempt was therefore made in the present work to study the 
following points 

1 The incidence of beta hemolytic streptococcus m the throats of 
healthy people under average conditions at a time when streptococcus 
disease was not prevalent 

2 The exact location and the character of growth of hemolytic 
streptococcus in the throat under normal conditions to determine whether 
such growth is confined to a local focus (tonsil) or whether free growth 
on the mucous membranes take place 

3 The effect of introduction of convalescent carriers into a group 
on the distribution of hemolytic streptococcus 

10 Fox, H , and Hamburger, W W The Streptococcus Epidemic at Camp 
Zachary Taylor, Ky , J A M A 70 1758 (June 8) 1918 

11 Levy, R L, and Alexander, H L The Predisposition of Streptococcus 
Carriers to the Complications of Measles, J A M A 70 1827 (June l5) 191« 

12 Walker, J E J Infect Dis 27 618, 1920 . 

13 Bloomfield, A L The Serial Quarantitative Method of Culture m 
Study of Respiratory Disease, J A M A 77 187 (June 16) 1921 
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in a lelatne way the real distribution of the bacteria in the thioat It 
IS obvioush’ impossible to make the procedure of culture absolute^ 
uniform in every case, and the error is doubtless on the side of missing 
occasional streptococcus earners, although we feel sure that this will 
appl}-^ onl} to the lare transient carrier with an extremely slight degree 
of infestation 


T \BLr 1 — Results of Cultuics for Hemolytic Sti cptococcus vi lOS Healthy 
Jl'omiii UAio<;c Tousih Had Picviously Been Removed 
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Xumbor 
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Beta 

Hcmolvticns 
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Recovered from 
PInrjnv 
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Hemoljticus 
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Rccoxered from 
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RemarKs 
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9/ 7/22 
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9/ 9/22 

0 
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2S 

9/14/22 1 
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SG 

9/14/22 1 

0 
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37 

9/14/22 

Fcnf 

0 

Tonsillectomy 3 years ago 

39 

1 9/15/22 

0 
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11 < 

9/13/22 

0 
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13 

9/15/22 

Tew 

Fen 

'lonsillectomj 11 years ago 

•n 

9/15/22 

0 
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IS 

9/13/22 

0 
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31 

9/1S/22 

Ton 

Few 

Tonsillectomj 5 years ago 


9/1S/22 

0 

0 
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30 1 

9/1S/22 

0 
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00 

9/19/22 

0 
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02 

9/19/22 

0 
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75 

9/22/22 

0 

0 


77 

q/22/22 , 
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:s 

9/22/22 

0 
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79 

9/22/23 

0 
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SO 

9/22/22 

1 U 

t! 


S3 

9/23/22 

1 0 
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S"> 

9/23/22 

0 
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90 

9/23/22 

' 0 
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92 

9/23/22 

0 

3 

'lonsilloctomy 1 year ago 

94 

9/23/22 

0 
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93 

9/23/22 

0 
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OG 

1 9/25/23 

0 
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to 

1 9/20/22 

0 

0 


101 

1 9/20/22 

0 

0 


102 

9/20/22 

0 
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101 

1 9/27/23 

0 

0 


100 

I 9/27/22 

0 

0 


107 

, 9/27/22 

0 

0 


lOS 

9/30/22 

0 

0 


111 

9/30/22 

0 

0 


114 

9/30/22 

0 

0 


113 

9/30/22 

0 

0 



• 'Jotiil cases, 12, nctatl\e 3S or 90 5 per cent , positne, 1 or 9 5 per cent 
f Ie« indicates less tlian six colonies, and less than 1 percent of total colonies on plate 


In every culture in which many colonies of hemolytic streptococcus 
were present, all seemed to be identical This impression was almost 
invaiiably suppoited, as will be pointed out in a later paper, when 
several colonies were fished and studied It is quite possible, however, 
that two 01 more stiains of hemolytic sti eptococcus may occasionally be 
piesent in the same throat, but such a state of afifairs would bear no 
significant relation to oui conclusions 
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abundance of colonics which are both ucll distributed and disci ete so as to 
allow accurate counting and easy fishing Bj using several dilutions it iias 
possible in every case to obtain satisfactory plates 

V 

Study of the Plates — Attention was confined practicall}' to the 
beta type of hemolytic streptococcus It seems hardly necessary to 
refer to the original definition of Smith and Brown and to the later 
descriptions of Blown/® but suffice it to sa} that consideration was 
given only to organisms which produced a total and usually relatively 
wide (1 to 2 mm ) zone of hemolysis about the colony^ without any 
production of gieenish discoloration In the vast majority of cases 
there was no serious difficulty'' in picking out the real beta type colonies 
In the occasional instance m which one seemed to be dealing vvith a 
borderline type — a colony about which the hemolytic zone was not 
absolutely' complete, or one which together with hemoly'sis showed 
slight greenish discoloration — the difficulty' was inv'ariably cleared up 
on subculture when all such doubtful organisms were found definitely 
to be alpha or alpha prime and not beta types 

In each set of plates in which beta hemolytic streptococci were 
present, a careful note w'as made of the total numbei and of their 
relation to the other colonies Special attention vv'as given to the 
apparent identity of the hemolytic colonies when many were present, 
and a number of them (usually six) were fished to blood-agar slants, 
and preserved for further study Later, practically' all the strains were 
replated to insure punty, and were studied microscopically' 

It may be stated at this point that no beta hemoly'tic strain has 
become essentially alteied in its characteristics by' subculture and storage 
— in no instance has any' of them either lost their hemoly'tic activity' 
or become green pioduceis even after several months of artificial 
growth 

A word should be said about the teimmology used in the following 
tables to express the number of colonies of beta hemolytic streptococcus 
recovered No plate w'as considered satisfactoiy' unless there was a 
heavy seeding of bacteria When a note is made of “a few,” ‘20, o'" 
any' other small number of colonies of beta hemolytic sti eptococciis, these 
represent only a minute fraction of the total bacterial growth on the 
plate On the other hand, when the designation “1/10” of the plate, 
“50 per cent ” of the plate, or “pure culture” of beta hemolytic strepto 
coccus IS noted, it means not only a certain percentage of the tota 
growth, but an absolutely large number of hemoly'tic streptococcus 
colonies as well Furthermore, the results as expressed represent only 

14 Smith, T , and Brown, J H J M Res 31 455, 1915 

15 Brown, J H Monograph 9, Rockefeller Institute, 1919 



T \BLE 2 — Results of Cultmcs fot Hemolytic Sti eptococcus in lOS Healthy 
IVomen Whose Tonsils Had Not Been Removed^ 


Case 

^o 

Date 

Number of Colonies of 

Beta Hemolyticus 
Streptococcus from 

Appearance of 
Tonsils 

History of 
Tonsillitis 


Pliarjnv 

Right 

Tonsil 

Left 

Tonsil 

2 

9/ 7/22 

0 

0 

0 

Medium, clean, many 
crypts 

Negative 

3 

9/ 7/22 

0 

0 

0 

Large, clean, many 
crypts 

Negative 

4 

9/ 7/22 

0 

0 

0 

Small stumps, par- 
tial tonsillectomy 

Last attack 8 yrs 
ago 

6 

9/ 7/22 

0 

0 

0 

Small clean, no visi- 
ble crypts 

Last attack 8 mos 
ago 

8 

9/ 7/22 

0 

0 

0 

Huge, scarred adhc 
slons, many^ large 
crypts 

Last attack 1 yr 
ago 

0 

9/ 7/22 

0 

0 

0 

Small, clean, many 
crypts 

Negative 

10 

9/ 7/22 

0 

No cul 
ture 

0 

Small, clean, deep set, 
no crypts seen 

Negative 

11 

0/ 7/22 

0 

Many 50% 
of plate 

0 

Large, globular. 
Clean, concealed 
crypts 

Last attack within 
last 9 mos 

12 

9/ 8/22 

0 

Many 10% 
of plate 

0 

Large, scarred adlic- 
slons, many scaled 
crypts 

Last attack G mos 
ago 

13 

9/ 8/22 

0 

0 

0 

Small, clean, deep set, 
few sealed crypts 

Last attack 19 yrs 
ago 

14 

9/ 8/22 

0 

0 

0 

Very largo globular 
tonsils 

No attack for sev- 
eral years 

19 

0/11/22 

0 

0 

0 

Very small, clean, 
many crypts 

One attack 2 yrs 
ago 

20 

0/11/22 

0 

0 

0 

Very small, clean, few 
sealed crypts 

Negntivo 

21 

9/11/22 

0 

No cul 
ture 

0 

Small stumps with 
crypts, partial 
tonsillectomy 

Last attack 2 yrs 
ago 

20 

9/12/22 

0 

0 

0 

Small, clean, deep set 

Negative 

20 

9/12/22 

0 

0 

0 

Largo, clean, scarred 

Last attack 1% 
yrs ago 

27 

9/15/22 

0 

Many 10% 
of plate 

Many 10% 
of plate 

Large, clean, scarred 

Last attack 1% 
yrs ago 

28 

9/15/22 

0 

0 

0 

Huge, globular, 
many crypts 

Last attack 6 yrs 
ago 

29 

9/15/22 

17oof 

plate 

50% of 
plate 

33% of 
plate 

Very small, deep sot, 
clean 

No attack for yra 

GO 

9/15/22 

20 col- 
onics 

2 col- 
onics 

0 

Large, scarred, many 
crypts 

Last attack 10 
mos 

33 

10/ 7/22 

0 

0 

0 

Medium, many ciypts 

Last attack 2 mos 
ago 

38 

9/10/22 

0 

0 

0 

Small, deep set, many 
crypts 

Last attack 9 yrs 
ago 

40 

9/15/22 

20% of 
plate 

Many 
pure cull 

0 

Huge, congested, 
many sealed crypts 

Last attack 11 
mos ago 

42 

0/15/22 

l%of 

plate 

1% of 
plate 

l%of 

pinto 

Large, ragged, scar- 
red 

Last attack 1 yr 
ago 

Ao 

9/15/22 

20% of 
plate 

807oOf 

plate 

0 

Very small, clean 

Last attack 4 yrs 
ago 

40 

9/1G/22 

0 

0 

0 

Very large, clean, 
scarred 

Last attack 4 mos 
ago 

47 

0/18/22 

0 

0 

0 

Medium, deep set, 
clean, scarred 

Negative 

49 

9/18/22 

4 col 
onics 

Almost 
pure cult 

0 

Large, globular, clean 

Negative, scarlet 
fever 1 yr -ago 

00 

9/18/22 

0 

l%of 

plate 

l%ol 

plate 

Very largo, clean, 
many crypts 

Last attack 8 mos 
ago 

03 

9/18/22 

0 

0 

0 

Very largo, globular 
scarred, clean 

Last attack 4 yrs 
ago 

Hi 

9/18/22 

0 

No cul 
ture 

0 

Small, deep set, clean 

Negative 

55 

9/18/22 

1 colony 

Almost 
pure cult 

Many 
over 10% 

Deep set, clean 

Last attack G mos 
ago 

07 

0/18/22 

0 

No cul 
ture 

Many 
over 10% 

Huge, scarred, ragged 
especially left 

No attack lor 13 
years 

58 

9/20/22 

Few 

20 col 
onics 

3 col 
onics 

Hugo, clean, many 
crypts 

Last attack 6 mos 
ago 

09 

9/20/22 

0 

No cul 
ture 

0 

Very small, deep set 

Last attack 5 yrs 
ago 


* Total cases, CO, negntivo 30, or 09 per cent , positive 27, or 41 per cent 
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RESULTS 

Incidence and Distiibuhon of Beta Hemolytic Sti eptococcus in the 
Till oats of Healthy People at fi Tune When Sti eptococcus Disease Was 
not Prevalent — During the month of September, 1922, cultures were 
made from 108 healthy students There had been one case of acute 
tonsillitis in the training school during the last week of August, but no 
cases during June oi July, and there were no cases during September 
The experiment, therefore, seemed absolutely valid from the standpoint 
of representing “aveiage” or “normal” conditions in a community at a 
time when streptococcus infection (tonsillitis) was not present 

The results of the cultures are given in Tables 1 and 2 Thirt}'--one, 
or 28 7 per cent , of the total group of 108 yielded beta hemolytic 
streptococcus A study of the tables, however, immediately discloses 
a remaikable difterence between those whose tonsils have been removed 
and those in whom the tonsils are intact Of the former group of 
forty-two people, only four, or 9 5 per cent , harbored the organism 
and only m small numbers Occurrence of a few scattered colonies of 
a foreign organism on the mucous membrane of the throat indicates 
almost always, as we have shown elsewhere,’-'^ an insignificant transient 
infestation It seems peifectly clear that these tonsillectomized persons 
were not the subjects of a chronic earner state and that the organisms 
had been introduced by chance, perhaps from another person and were 
of no more sigmficance than an inanimate foreign particle On the 
other hand, the group of persons whose tonsils were intact exhibited 
entirely different conditions A much larger percentage of the group 
(41 per cent ) were carriers, and the number and distribution of the 
bacteria were different A study of Table 2 shows that in this group 
the hemolytic streptococcus earner state was essentially one of focal 
tonsillar infection The streptococci were recoveied with frequency 
and often in huge numbers from the depths of tlie tonsils when not 
a single colony was obtained from the pharynx, and in no case were 
they obtained from the pharjmx unless the tonsil culture showed therp 
as well, and usually in much greater numbers It is certain, as we 
have shown elsewhere, that in most of these people the streptococci 
recovered from the pharynx represented merely an overflow or spread 
by direct contact from the breeding place in the tonsil, and that they 
were not actually colonizing and growing on the free mucous membrane 

Summary These cultures allow an exact definition of the nature 
of beta hemolytic streptococcus parasitism under average conditions m 
healthy people when streptococcus disease is not present Such para- 
sitism is strictly a focal one in areas of infected lymphadenoid tissue, 

16 Bloomfield, A L Bull Johns Hopkins Hosp 32 290 (Sept ) 1921 

17 Bloomfield, A L A J M Sc 164 854, 1922 
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began to appear in the group, and during this month there were nine 
cases All these patients yielded mnumeiable colonies of hemolytic 
streptococci from the throat and tonsils After an average hospitaliza- 
tion of one ■\^eek, the} reentered the group, although culture showed 
that they still harbored tremendous numbers of hemolytic streptococcus 
To determine whether the occunence of tonsillitis was associated with 
ail} change m the normal type of parasitism defined above, as well as to 
stud} the effect of introducing heavily infected convalescent carrieis into 
die group, a set of cultures was made during Octobei, 1922, on a second 
series of sixty-seven healthy subjects similar m eiery way to the first, 
both as to methods and material The results are analyzed in Tables 3 
and 4, and are summarized m Table 5 


Table 3 — Results of Cultures foi Hemolytic Sti cptococcus in Healthy Women 
JVhosc Tonsils Had Ptcvtously Been Removed^ 


Case Xuinbcr 

Date of Culture 

Number of Colonies t)f 

Beta Hemolyticus Strepto- 
coecus Eccovered from 

Remarks 



Plinrynx 

Tonsils 



10/ 9/22 

0 

0 



10/ 9/22 

0 

0 



10/ 9/22 

0 

0 



10/ 9/22 

0 

0 



10/10/22 

0 

0 


134 

10/10/22 

0 

0 


130 

10/10/22 

0 

0 


139 

10/10/22 

1 

0 

Tonsillectomy 3 weeks ago 

140 

10/10/22 

0 

0 


142 

10/10/22 

0 

0 


145 

10/11/22 

0 

0 


147 

10/11/22 

0 

0 



10/13/22 

0 

0 


157 

10/10/22 

0 

0 


158 

10/10/22 

0 

0 


159 

10/10/22 

0 

0 


ICO 

10/10/22 

0 

0 


ICS 

10/10/22 

0 

0 


ICO 

10/18/22 

0 

0 

Tonsillectomy 2 months ago 

171 

10/18/22 

Practically 
pure culture 

1 

174 

10/18/22 

0 

0 


178 

10/18/22 

0 

0 


182 

10/20/22 

0 

0 


187 

10/20/22 

0 

0 


191 

10/20/22 

0 

0 



* 'lotnl cases, 25, poslti\c 2, or 8 per cent , negative 23, or 92 per cent 


A study of these tables shows a stiikmg agreement between the two 
sets of cultures both as to the total incidence of beta hemolytic strepto- 
coccus and as to the quantitative topographical distribution of the 
bacteria As a matter of fact, the percentage of positives was a little 
lower after streptococcus disease became prevalent Case 171 was the 
single exception, showing a practically pure cultuie from the pharynx 
of a tonsillectomized person, but it should be noted that the tonsils 
weie removed only two months previous to culture, and that a stump 
was left on one side 





Tablf 2 — (Continued) 


Case 

^0 

1 

Date 

dumber of Colonies of 
Beta Hemolytleus 
Streptococcus from 

Appearance of 
Tonsils 

History of 
Tonsillitis 

i 

Pharynx 

Right 

Tonsil 

3>ft 

Tonsil 

61 

9/20/22 

0 

50% of 
piate 

50% of 
plate 

Barge, deep set, clean 

Bast attacb 6 yrs 
ago 

63 

9/20/22 

0 

0 surface 
cuituro 

0 surface 
culture 

Tonsils not deflnitclj 
visible 

Bast attaclv 5 yr; 
ago 

04 

1 

9/20/22 

0 

No cul- 
ture 

1 colonj 

Verj small, deep set, 
few large crjpts 

Two attacks in 
past year 

05 

9/20/22 

Many 

colonics 

Manj col 
onics.Eur 
face cult 

Manj col 
' onles, sur 
face cult 

No tonsil \ isible 

Bast attack 6 mos 
ago 

66 

9/20/22 1 

9 

No cul 
ture 

0 

Medium, clean 

Aegntive 

67 

9/20/22 

0 

0 

0 

Very small deep set 

Negative 

6S 

1 9/20/22 

j 

0 

0 ! 

1 

0 

Verj small, clean, 
deep set 

Negative 

70 

9/22/22 

i ^ 

1 i 

0 surface | 
culture 

0 surface 
culture 

Partial tonsillectomy, 
large stumps 

Bast attack 6 yrs 
ago 

71 

0/22/23 

0 j 

0 1 

0 

Small, clean 

Negative 

72 

9/22/22 

1 

1 " , 

1 0 surface 
! culture 1 

0 curface 
[ culture 

Small, clean 

None recently 

73 

9/22/22 

i 

1 j 

1 

No cul- ! 
1 ture 1 

• Ko cul 1 
1 ture I 

Small deep set 

None recently 

76 

9/22/22 1 

' Tew 

50% of 1 

i pllte 

i 50% of j 
1 plate 

Partial tonsillectomy, 
small stumps 

Bast attack 9 mos 
ago 

SI 

9/25/22 

I No cni 
ture 

1 Few ! 

1 Few 

1 

Barge, deep set, clean 

None recently 

83 

9/25/22 1 

0 j 

1 0 1 

0 

Barge scarred, clean, 
man> enpts 

Bast attack 7 nio= 
ago 

81 

9/25/22 

0 

0 

j 50% of 
plate 
; Few, less 
finnl% 

Barge, clean 

Negative 

86 

9/25/22 

1 « 


Small, deep set, rag- 
ged clean 

Bast attack 7 yts 

"SO 

87 

9/22/22 

0 

0 

I surface 

0 

I surface 

Small, clean, deep set 

i Lnst attack layr 
i ago 

£8 

■ 9/25/22 

0 

Uino't 
pure cult 

: 0 

Barge, clean 

Negative 

SO 

9/25/22 

1 0 

0 

0 


Negative 

91 

9/25/22 

: Pew 

, Feu 

Few 

Small, clean tonsils 

Bast attack 1913 

93 

9/25/22 

! 0 

1 

0 

0 

Huge, globular, clean , 
many crypts 

None recently 

97 

9/26/22 

0 

I i 

0 

1 

0 

Clean, large many 
crypts 

Bast attack 1 yr 
ago 

98 

9/26/23 

0 

0 

0 

Barge, clean, deep set 

Bast attack 5 jrs 

100 

9/26/22 

0 

0 

0 

Barge, clean 

Bast attack 1 'f 

103 

9/27/22 

j 

0 

Many 

Almost 
pure cult 

Barge, ragged, deep 
set 

Bast attack l jr 
ago 

105 

9/27/22 1 

0 

0 

0 

Small, deep set, clean 

None recently 

109 

9/30/22 1 

0 

0 

0 

Small, clean 

Negative 

110 

9/30/22 

0 

0 

0 

Small ragged 

Negative 

112 

9/30/22 

Feu 

0 

Verj few 

Small, deep set 

Bast attack 5 yrs 

113 

9/30/22 

0 

Few 

0 

Barge, clean 

Last attack 1 
ajro 

116 

9/30/22 

! 

0 

0 

0 

Medium, deep set 

Bast attack 3 yrs 
ago 


such as the tonsil, and there is no evidence that the bacteria are actually 
growing and multiplying on the free surfaces of the mucous membrane, 
although a few may be spread by direct contact from the tonsil over the 
pharyngeal wall The occasional colony recovered from tonsillectomized 
persons clearly indicates, as a rule, a transient “pick-up” and not a true 
chronic carrier state 

Effect of Occurrence of cases of Tonsilhhs and Int) odnetton of 
Convalescent Carriers into the Group on the Type of Str eptococens 
Par'asitisni — During the early part of October, 1922, acute tonsillitis 







BLOOMFIELD-FELTY— PARASITISM 


397 


Summary The occurrence of acute tonsillitis was unassociated with 
an}^ general change in streptococcus pai asitism in the group, nor did the 
reintroduction of heavily infected convalescent earners produce any 
alteration This point will be developed in a later paper in connection 
with the epidemiology of tonsillitis 

Disscimnafion of Hemolytic Sti epfococcius from Caineis to Contacts 
Dniing a Nonepidemic Time — The preceding obseivations seemed to 
indicate that under oidinary conditions, when streptococcus disease was 
not epidemic, there was no tendency to the development of secondary 
can lers b}’’ contact between the uninfected and infected healthy members 
of the group To settle this point, an analysis was made of fifty-one 
pairs of room-mates These pairs had been rooming together for at 
least several weeks befoie the cultures weie made, and there had been 
eiery opportunity for close contact The results of the cultures are 
shown in Table 6 On the law of chance alone, one would have expected 
at least eight pairs to be positive instead of four, so that there can be 
no question but that contact between healthy people played no part in 
the establishment of the earner state in this gioup 


T \BLn 5 — Coinpat tson of Cuttwes Made Befoic and After SUeptococcus 
Disease (TonsiUitis) TFas Prevalent 




Tonslllcctomlzcd 

Nontonsillectomized 


Total 

Percentage 

Positive 

Percentage 

Negative 

^ Total 

Percentage ! 
Positive 

Percentage 

Negative 

1 September, 11)22, be- 
fore streptococcus 
disease appeared 

42 

95 

905 

06 

410 

69 0 

II October, 19^, after 
streptococcus dis 
ease appeared 

25 

80 

92 0 

42 

33 0 

67 0 

Combined total 

07 

90 

j 910 

1 

lOS 

37 0 

63 0 


Relation of Canici State to Pievwus Sti eptococcus Infection 
(Tonsillitis) — It was clear, then, that some other explanation besides 
contact must be sought to explain the occurience of streptococcus 
earners As the organisms weie essentially confined to the tonsil, it 
seemed possible that all the caineis dated from an original acute strepto- 
coccus infection of the tonsil (tonsillitis) From 130 members of oui 
group, it was possible to obtain accuiate statements as to preceding 
acute attacks These histones con elated with the bactenologic findings 
aie analyzed in Table 7 The figuies suggest strongly that the fore- 
going assumption is coriect and that the chronic earner state represents 
a lesidue of an acute tonsillitis The 20 pei cent of earners m the 
gioup with negative histoiy may be partly explained by infection dating 
from a mild attack of tonsillitis which did not impiess the'patient We 
have had the opportunity to observe seveial such cases which were 










Table 4 — Results of CuUuies foi Hemolytic Streptococcus in Healthy Women 
Whose Tonsils Had Not Been Removed'^ 




Number of Colonies of 





Beta Hemoljtic 



Case 

Date 

Streptococcus from 

Appearance of 

History of 
Tonsillitis 

No 





'Tonsils 


Pharjnx J 

Bight 

'tonsil 

Left 

'ronsll 






125 

10/ 9/22 

0 

0 surface 

0 surface 

Partial tonsillcctom} 

No attncL for 4 




culture 

culture 

4 j cars before, 

years 


10/ 9/22 




stumps ragged 

126 

0 

0 

0 

Hugo, ragged 

Bast attack 1 year 

127 

10/ 9/22 

0 

0 

0 

Barge, clean 

ago 

Negative 

128 

10/ 9/22 

0 

0 

0 

Small, clean, deep set 

Negative 

131 

10/10/22 

! ® 

0 

0 

Medium, ragged 

Last attack 1 year 

132 

10/10/22 

Pcu 

Almost 

Almost 

Huge, clean, large 

ago 

Last attacl. 3 yrs 


10/10/22 


pure cult 

pure cult 

crjpts 

ago 

135 

, Dow 

Pew 

0 

Barge, ragged, scarred 

Negative 

137 

10/10/22 

0 

Pew 

Pew 

Vor} large, ragged 

Last attack 1 year 

138 

10/10/22 

0 

0 

0 

Small, clean 

Negative 

141 

10/10/22 

0 

0 

0 

No deflnitc tonsils visi- 

None recently 




surface 

surface 

ble 

143 

10/11/22 

0 

0 

0 

Barge, clean 

Negative 

144 

10/11/22 

0 

0 

0 

Bight tonsil not seen, 
loft tonsil small, clean 

Negative 

146 

10/11/22 

0 

0 

0 

Huge, clean, many 
cr} pts 

Barge, clean 

Negative 

148 

10/11/22 

0 

0 

0 

Negative 

149 

10/11/22 

0 

Man} 10% 

Man\ 10% 

Small, deep, clean 

Negative 


10/11/22 


of plate 

of plate 



150 

0 

0 

0 

Small, clean 

Last attack 9 inos 

151 

10/13/22 

0 

0 

0 

Small, clean 

a fio 

Last attack 15 




surface 

surface 

months ago 

153 

10/13/22 

0 

0 

Pew 

Moderate, adherent, 

Bast attack 7 mos 






clean 

ago 

15.1 

10/18/22 

1 

Very 

Mnnv 

Small, clean 

Noncrcccntl} 



1 

innn\ 

o^crl0% 

0 } cr 10% 


Bast attack 4 yrs 

155 

10/13/22 

0 

0 

0 

Medium, adherent, 

clean j 

Medium, adherent. 

156 

10/13/22 

0 

0 

0 

a ^ 0 

Last attack 17 yrs 


10/10/22 




clean 


161 

0 

0 

0 

Medium, clean 

Bast attack 3 mos 

162 

10/10/22 

0 

0 

0 

Small, clean 

Last attack 4 yrs 

163 

10/10/22 

0 

0 

0 

Medium, clean 

Negative 

164 

10/10/22 

0 

No cul 
tures 
Peu 

0 

Medium, clean 

Negative 

165 

10/10/22 

1 colon} 

0 

Barge, clean 

Negative 

167 

10/10/22 

0 

0 

0 

Barge, ragged 

Negative 

170 

10/18/22 

0 

0 

0 

Barge, clean 

Last attack 2 yrs 

172 

10/18/22 

0 

0 

0 

Medium, clean 

ago 

Negative 

173 

10/18/22 

Pew 

0 

Pew 

Medium, clean 

Lost attack 2 yrs 

175 

10/18/22 

0 

0 

0 

Medium, clean 

Last^ attack 20 






montlis ago _ 

176 

10/18/22 

0 

0 

50% of 

Small, clean 

Bast attack 8 mos 

179 

10/18/22 

0 

0 

plate 

0 

Medium, ragged 

ago 

Negative 

183 

10/20/22 


surface 

surface 

Negative 

Pew 

rc« 

Few 

Small, clean, crypts 


10/20/22 

0 

0 

0 

Barge, ragged 

Negative 

lb5 

10/20/22 

0 

0 

0 

Very small, barely 

Negative 

186 

10/20/22 

0 

1 colony 

, surface 

visible 

Partial tonsillectomy. 

Negative 

1S8 

10/20/22 


1 s^^nb both tonsils 

ragged stumps, crypts 

Negative 

0 

0 

0 

Very large, clean 

189 

10/20/22 

1 colony 

Almose 

0 

Very largo, clean 

Negative 

190 

10/20/22 

0 

pure cult 
Pure 

Pure 

Barge, ragged, clean 

Negative 

192 

193 

10/20/22 

10/20/22 

0 

0 

culture 

Many 

0 

culture 

Many 

0 

Barge, clean 

Very largo, ragged. 

Negative 

Last attack 8 yrs 






clean 

ago 


* Total cases, 42, positive 14, or 33 per cent , negative 28, or 67 per cent 
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— the t} pe usually condemned by the laryngologist , and Group 2, tonsils 
intermediate m appearance between Groups 1 and 3 The results of 
cultme m the three groups are summarized m Table 8 


Table 7 — Relation of Sti cptococcus Caniagc to Histoiy of Tonsillitis 


Historj of nn Attack of Tonsillitis 

t Total 

Number of 

Cases 

1 Percentage Positive for 
Beta Hemolytic 
Streptococcus 

Within 6 months before culture 

SO 

834 

Si\ months to t^io ^enrs before culture 

27 

520 

O^cr tno ^e^^s before culture 

33 

33 3 

^o historj of tonsillitis 

to 

20 0 


Table 8 — Relation of Appeal ance of Tonsil to Positive Cidtiiie of 

Sti eptococcus Hemolyticns 


Group 

^ Total Number 
of Oases 

' Number 

Positive 

j Percentage 
Positive 

1 

SS 

12 

30 2 


27 

9 

333 

3 

33 

10 

49 0 


It appears that the obviously diseased tonsils yield hemolytic strepto- 
coccus more often than those of innocent appearance, although the 
Jatter are frequently infected vnth this organism 

SUMMARY AND DISCUSSION 

Despite the great amount of clinical, biometiic and bacteriologic 
stud} which IS on recoid, no general laws have been deduced which 
are altogethei satisfactory m explaining the spiead of bacterial infection 
It appeals that the operation of different foims of infectious agents 
undei \arious conditions may be so diverse that epidemic phenomena, 
while lesembhng each othei m a bioad way, may be quite dissimilar 
in their intimate details In the case of the piesent problem — infection 
with Si) cptococcus henwlyiicus — the useful mode of approach has 
seemed to be fiom the standpoint of the deviation from the “normal,” 
“average,” or “mean” type of paiasitism of this organism, and the 
immediate object of this report is to define m as accurate teims as 
possible such a “norm” A detailed study has theiefore been made 
of the quantitative topographical distribution of hemolytic sti eptococcus 
m the uppei an passages of an average group of healthy peisons and 
of the effect of ceitain possible distuibmg factois on such a distribution 
The majoi conclusion is that the hemolytic sti eptococcus under 
average conditions is strictly adapted to a local giowth in foci of 
lymphadenoid tissue in the upper an passages, especially the tonsil 
In such foci these bacteria may persist foi long periods of time and 
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quite definite but which were unassociated with fever or much sore 
throat They will be discussed later in connection with the clinical 

featuies of tonsillitis 


Table 6—0ccuf,cuce of Hemolyltc Sti cpiococcus m Room-Mate^ 


Case 

Num 

her 

Date 

of 

Culture 

Hemolytic 

Strepto 

coccus 

Case 

Num 

her 

Date 

of 

Culture 

Hemoljtie 

strepto 

coccus 

Case 

Num 

her 

Date 

of 

Cuiture 

Hemolytic 

Strepto 

coccus 

193 

190 

10/20/22 

10/20/22 

Ncgatiic 

Positive 

153 

100 

10/13/22 

9/27/22 

Positive 

Ncgatiie 

115 

0 

9/30/22 

9/ 7/22 

Negative 

Negative 

191 

165 

10/20/22 

10/16/22 

Negative 

Positive 

151 

58 

10/13/22 

9/20/22 

Negative 

Positive 

112 

88 

9/29/22 

9/22/22 

Positive 

Positive 

189 

160 

10/20/22 

10/16/22 

Positive 

Negative 

148 

46 

10/11/22 

9/10/22 

Nogatiic 

Negative 

111 

48 

9/29/22 

9/18/22 

Negative 

Negative 

ISS 

173 

10/20/22 

10/20/22 

Negative 

Positive 

147 

120 

10/11/22 
10/ 9/22 

Negative 

Negative 

109 

66 

9/29/22 

9/20/22 

Negative 

Negative 

187 

97 

10/20/22 

9/26/22 

Negative 

Negative 

140 

19 

10/11/22 

9/18/22 

Negative 

Positive 

108 

64 

9/29/22 

9/20/22 

Negative 

Negative 

186 

175 

10/20/22 

10/18/22 

Positive 

Negative 

145 

103 

10/11/22 

9/26/22 

Negative 

Positive 

98 

67 

9/20/22 

9/20/22 

Negative 

Negative 

l&i 

65 

10/20/22 

9/20/22 

Negative 

Positive 

144 

89 

10/11/22 

9/25/22 

Positive 

Negative 

93 

94 

9/22/22 

9/22/22 

Negative 

Negative 

183 

170 

10/20/22 

10/18/22 

Positive 

Negative 

141 

128 

10/10/22 
10/ 9/22 

Negative 

Negative 

84 

4 

9/24/22 

9/ 7/22 

Positive 
Negativ e 

171 

179 

10/18/22 

10/18/22 

Positive 

Negative 

139 

110 

10/10/22 

9/29/22 

Positive 

Negative 

74 

2S 

9/21/22 

9/12/22 

Negative 

Negative 

163 

176 

10/16/22 

10/18/22 

Negative 

Positive 

136 

102 

10/10/22 

9/26/22 

Negative 

Negative 

73 

2 

9/21/22 

9/24/22 

Positive 

Negative 

192 

174 

10/20/22 

10/18/22 

Posltiie 

Negative 

135 

38 

10/10/22 

9/15/22 

Positive 

Negative 

71 

40 

1 

9/21/22 

9/15/22 

Negative 

Positive 

80 

172 

9/22/22 

10/18/22 

Negative 

Negative 

133 

42 

10/10/22 

9/15/22 

Negative 

Positive 

68 

60 

9/19/22 

9/18/22 

Negative 

Positive 

168 

164 

10/18/22 

10/16/22 

Negative 

Negative 

132 

37 

10/10/22 

9/15/22 

Positive 

Positive 

63 

60 

9/20/22 

9/20/22 

Negative 

Negative 

72 

9/22/22 

Negative 

131 

10/10/22 

Negative 

61 

9/20/22 

9/18/22 

Positive 

positive 

162 

10/16/22 

Negative 

55 

9/18/22 

Positive 


Negative 

Negative 

161 

10/16/22 

Negative 

127 

10/ 9/22 

Negative 

54 

53 

9/18/22 

9/18/22 

156 

10/13/22 

Negative 

121 

10/ 9/22 

Negative 

Positive 

Negative 

138 

155 

10/10/22 

10/13/22 

Negative 

Negative 

125 

17 

10/ 9/22 
9/16/22 

Negative 

Negative 

50 

36 

9/18/22 

9/15/22 

no 

9/29/22 

Positive 

123 

10/ 9/22 

Negative 

33 

16 

10/ 7/22 
9/ 9/22 

Negative 

Positive 

154 

10/13/22 

Positive 

41 

9/15/22 

Negative 


14 

9/ 8/22 

Negative 








Total pairs of roommates, 51, both positive, 4, both negatne, 23, 


negative, 24 

Relation of Sti eptococcus Coinage to Appeal ance of 
Finally, it seemed of interest to correlate the presence of tie gp^^j-p 
streptococcus with the clinical appearance of the tonsi s 
classification was impossible However, we have divi e 
into three groups Group 1, small, clean, without adhesions, 
large crypts— tonsils of “innocent” and insignificant crypts 

Group 3, large, scarred, or adherent tonsils usually with p Uj,g 



STUDIES ON LIVER FUNCTION 


ROSE BENGAL ELIMINATION FROM THE BLOOD AS INFLUENCED 

BY LIVER INJURY 

G D DELPRAT, JR, MD 

SAN FRANCISCO 

In recent years, the interest of a number of investigators has 
centered on the question of liver function It is hardly necessary at 
the present time to discuss these tests m detail as a review by Delpiat 
and Whipple ^ covers much of this ground Whipple and Pelkan ^ have 
recently reported experiments which indicate that phenol conjugation 
IS a function of the liver which gives information of value m a study of 
the ph} siolog}^ of the In er Phenol ingestion is too toxic for clinical use 
Many papers “ dealing with the injection of phenoltetrachlorphthalem 
have appeared during the past few years This dye is eliminated 
promptly from the blood by the liver and appears in the bile and 
intestine Various methods of recovery of the dye from the feces oi 
duodenum have been used, but this test is inaccurate when there are 
abnoimahties of the biliary passages arid therefore has obvious clinical 
limitations Since the completion of these experiments, two papers 
by Rosenthal ^ have appeared dealing with a utilization of tetrachlorph- 
thalein in the blood stream His experiments were almost identical with 
the experiments given below in which a new dye, rose bengal is 
used Our experiments in many respects confirm the observations of 
Rosenthal 

An ideal dye for this type of work must fulfil the following require- 
ments (a) It must be nontoxic, (&) it must be a crystalloid (we 
knov that the fate of colloid dyes m the organism is entirely diflreient 
from that of the difTusible dyes) , (c) it must be eliminated from the 
organism by means of the activity of liver parenchyma cells, and (d) 
It must remain m the circulation foi a sufficient length of time to allow 
deteiminations of the dye concentration in the blood plasma to be made 
All these requirements are fulfilled m the substance rose bengal 

From the George Williams Hooper Foundation for Medical Research Uni- 
versity of California Medical School, San Francisco 

1 Delprat, G D , and Whipple, G H J Biol Chem 49 229, 1921 

2 Whipple, G H , and Pelkan, F K Biol Chem 50 513, 1922 

3 Rowntree, L G , Hurwitz, S H , and Bloomfield, A L Bull John^ 
Hopkins Hosp 24 327, 1913 McNeil, H L J Lab & Clin Med 1 822, 1916 
Whipple, G H , Peightal, T C , and Clark, A H Bull Johns Hopkins 
Hosp 24 343. 1913 

4 Rosenthal, S M J Pharm & Exper Therap 19 385, 1922, Proc 
Soc Exper Biol & Med 20 86, 1922 



400 


ARCHIVES OF INTERNAL MEDICINE 


m great numbers — we obtained no evidence of a free growth on the 
mucous membranes in general It appears, furthermore, that such 
colonization is usually bi ought about by an acute, clinically manifest, 
infection of the lymphadenoid tissue, such as acute tonsillitis, or perhaps 
scarlet fever Such an infection seems necessary, under average condi- 
tions, in order that the bacteria may gain a lasting foothold Careful 
study of cainers and noncarriers who loomed together seemed to prme 
that mere contact, even if close and prolonged, is inadequate — under 
average conditions — to give i ise to new carriers Again, it was found 
that neither the incidence of healthy earners nor the local lymphoid 
tissue type of parasitism was altered by introducing into the group 
tonsillitis convalescents harboring presumably actively vegetative organ- 
isms The exact relationship of preexisting carriers to fresh cases of 
acute tonsillitis will be discussed in a subsequent paper 

Finally, further evidence of the essentially focal nature of hemo- 
lytic streptococcus parasitism under “normal” conditions is found in the 
fact that of those whose tonsils have been removed only an occasional 
person harbored the organism, and then in small numbeis, indicating a 
transient infestation rather than a true growth adaptation 

Such then is the definition of the status of streptococcus hemolyticus 
parasitism under normal conditions when sti eptococcus disease is either 
absent or sporadic in type But observations on record in the literature 
show that when streptococcus disease is highly epidemic, a type of. 
parasitism which is quite diffeient may exist Under such conditions, 
for example in the amiy camps, it was found that practically every 
man both sick and well was a streptococcus earner, and also that the 
organisms apparently were growing freely and generally on the mucous 
membrane of the throat, and weie by no means confined to local 
lymphadenoid foci A ladical change m the type of parasitism had 
occurred The natuie and significance of this change will be discussed 
at another time At present the fact is mentioned to stress by contrast 
the “normal” or “average” stable type of parasitism described above, 
which apparently must be fundamentally upset before epidemic strepto- 
coccus disease can occur 
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centiifuge tube containing 2 cc of 2 per cent potassium oxalate solu- 
tion This IS a contiol sample 

(3) With the needle m situ, the solution of the dye in the syringe 
which was laid aside is injected into the circulation and the time is 
noted The plunger is di awn back and forth to rinse out the barrel and 
the needle, this process being continued until the next step The last 
manipulation reduces the amount of dye that may possibly remain in 
the needle to an exti eniely small quantity, which may then be neglected 

(4) One minute fiom the time of the beginning of the injection 
a sample of from 8 to 10 c c of blood is withdrawn into a clean syringe, 
and IS dehveied into a centrifuge tube identical with the one previously 
used 

(5) At two, four, eight and sixteen minutes from the time when 
the injection began, samples of blood are withdrawn from the jugular 
vein, and are dehveied into centrifuge tubes containing a solution of 
potassium oxalate It is usually advisable to withdraw the needle after 
taking the four minute sample and to make a fiesh puncture for 
both the eight and the sixteen minute samples, to avoid the possibility 
of clot formation 

(6) The SIX centrifuge tubes containing the samples are then 
centiifugahzed’ for thiity minutes at 3,000 revolutions per minute 

(7) After noting the volume of blood in the graduated centrifuge 
tubes, 3 cc of plasma from each of the samples are delivered into a 
clean test tube, and are diluted with 6 c c of normal saline, care being 
taken to wash the pipet with saline befoie it is used for the next speci- 
men Samples of each of these diluted plasma solutions are then placed 
in a Helhge colorimeter and read against a standard prepared as fol- 
lows Five c c of normal blood plasma (from the contiol tube) are 
diluted with 5 cc of saline, and to this are added 5 cc of a 0 0075 per 
cent solution of the rose bengal (made by diluting 0 75 cc of a 1 
per cent solution of the dye to 100 cc distilled water) 

(8) Allowance must be made for the volume of the oxalate solu- 
tion which IS added to the blood in the hematocrit tube If 10 c c of 
blood are added to 2 c c of oxalate, it is evident that the colorimetric 
reading must be multiplied by 12/10 to allow for the dilution of the 
blood These corrected readings are given m the tables 

EXPERIMENTS SHOWING RATE OF ELIMINATION OF DYE FROM BLOOD 
STREAM AND THE INFLUENCE OF LIVER INJURY ON 
RATE OF ELIMINATION 

Experiments were cairied out on dogs whose livers were injured 
by chloioform to determine the rate of disappearance of rose bengal 
after injection into the blood stream In each instance the rate of dis- 
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(tetraiodotetrabrom fluorescene) This substance is nontoxic in large 
doses (3 gm were tolerated by a 30 pound (13 6 kg ) dog while 5 gm 
were fatal in five hours) , it is a crystalloid, and it remains in the 
normal circulation 

In 1918, an opportunity was afitorded me for a study of a large 
series of the fluorescene and triphenylmethane dyes for the purpose of 
finding a “liver function dye ” This work was carried out in the 
anatomical laboratory of the University of California under the guid- 
ance of Dr H M Evans The first experiments were carried out on 
rats, and those dyes which (after injection into the circulation of the 
animal) appeared only in the stools were subsequently injected into 
dogs with bile fistula Several of the dyes which in the rat were elimi- 
nated only in the stools were excreted in the urine of the dog How- 
ever, one dye, rose bengal, was found to be eliminated entirely in the 
bile of both the rat and dog, even when injected in large doses At 
no time did it appear in the urine 

Attempts were made to carry"^ out determinations to ascertain the 
percentage of recovery in the bile On account of the interference of 
the bile pigments, colorimetric estimations of small amounts of the rose 
bengal were impossible with any"- degree of accuracy, and chemical 
methods by which the bile pigments were precipitated were unsatis- 
factory, since pait of the dye was earned down in the precipitate 

If the liver is the only organ concerned with the elimination of the 
dye, as it appears to be, then the rate of disappearance of the dye from 
the blood stream after injection should be definitely influenced by the 
liver activity or by the extent of the liver injury It is to be expected 
that the dye will remain longer in the circulation of the animal whose 
liver IS injured than in the blood stieam of the normal animal 


METHOD 

The method which was used in the following experiments is almost 
similar to the “dye method” of determining plasma volume •' It may 
be briefly outlined as follows 

(1) A measured amount of a 1 per cent solution of the dye is 
delivered into an evaporating dish and drawm into a 10 c c recor 
syringe The evaporating dish is rinsed with a few diops of saline, 
which IS also drawn into the syringe, and the rinsing is repeated unti 
the evaporating dish shows no traces of the dye This syringe is then 
laid aside 

(2) About 10 c c of blood are drawn from the jugular vein of the 


dog into a clean syringe, and in turn are delivered into a gm 


duaied 


5 Hooper, C W , Smith, H P , Belt, A E, and Whipple, G H 
T Physiol 51 205. 1920 


Am 



Tablh 2 — Pci ccntagc Concenti ation of Rose Bengal m the Blood Plasma 
bcfoic and Aftci Liver Injury by Chloroform Anesthesia 

DOK 2S-J0 (Adult Blnck and White Hound)* 


Colorimetric Readines and Values for B at Intervals of 

t~~ '■ ' ^ ' . .. I ■ 



One 

2 Minutes 

4 Minutes 

8 Minutes 

16 Minutes 




Minute, 

* 



1 


A 


. A 




Per- 



' ■\ 



/ 





Per- 


Per- 


Per- 


Per 



Plasma 

Date, 

cent- 

cent- 


cent 


cent 


cent 


Weight, 

Volume, 

1022 

age 

age 

B 

age 

B 

age 

B 

age 

B 

Pounds 

Oe 

3/28 

61 

56 

092 

46 

0 70 

31 

0 51 

26 


22 8 

662 

3/29 

61 

57 

0 05 

49 

0 81 

31 

0 52 

31 


225 

662 

3/31 

64 

01 

0 95 

41 

064 



SO 


216 

622 

il 3 

Chloroiorin nne 

sthesia 60 minutes 







4/ 3 

78 

72 

0 93 

03 

081 

53 

0 67 

46 


19 8 

512 

4/ 4 

91 

SO 

0 95 

(77) 

(0 65) 

(71) 

(0 78) 

(78) 

086 

19 3 

438 

4/ 6 

so 

83 

0 04 

SO 

090 

77 

0 80 

63 

0 70 

18 8 

450 

4/ 6 


81 


09 


57 


60 


18 0 



* The dog was isolated on March 25 so that at the time of the anesthesia he had been 
fasted nine dajs Uho experiment on April 3 was earned out six hours after the chloroform 
anesthcsiil On April 3 and 4, the dog was quiet, drank a good deal of water but did not 
\omit Chnicallj he was moderately toxic The blood plasma was tinged yellow on April 8 
and 4 The bracketed figures indicate that hemolysis accidentally occurred and that conse 
quentlj the readings are somewhat inaccurate The dose of rose bengal equals 30 mg for 
each injection 


Tabll 3 — Ptreentage Concenti ation of Rose Bengal in the Blood Plasma 
before and After Liver Injury by Chloroform Anesthesia 

Dog 22-41 (Gray Adult Police Dog)* 


Colorimetric Readings and Values for B at Intervals of 


One 2 Minutes 4 Minutes 
ilinuto. ^ • X, 



Minute, 

1 ' 

, 

r~~ 

*-■ 


Per- 

Per- 


Per- 


Date, 

cent- 

cent- 


cent 


1922 

age 

age 

R 

ago 

R 

8/17 

72 

60 

083 

35 

0 49 

3/18 

73 

63 

060 

45 

0 02 

3/19 

Chloroform anesthesia 45 minutes 

3/20 

S3 

74 

0 89 

07 

0 81 

3/21 

89 

87 

0 93 

S3 

093 

3/22 

89 

85 

0 90 

77 

087 

3/24 

90 

79 

088 

08 

0 76 

3/27 


SO 


02 



8 Minutes 16 Minutes 

« X 


f—— 

Per 

cent 

age 

B 

Per 

cent 

age 

B 

Weight, 

Pounds 

Plasma 
Volume, 
0 c 

24 

0 3’ 

20 

0 28 

40 0 

1,108 

1,098 

27 

037 

20 

027 

20 0 

5S 

0 70 

47 

0 57 

37 5 

965 

71 

079 

69 

060 


902 

66 

0 74 

68 

065 


902 

49 

0 54 

40 

044 

37 5 

890 


48 


* On March 20 and 21 the dog was quiet, drank a good deal of water but ho did not 
vomit On March 20 the blood plasma was very dark yellow and progressively less so on the 
subsequent days The dog fasted for a period of five days prior to the period of anesthesia 
The dose of rose bengal equals 30 mg for each injection 

Table 4 — Per cenfage Concentration of Rose Bengal in the Blood Plasma 
before and After Liver Injury by Chloroform Anesthesia 

Dog 22-37 (Adult Male Bull Terrier)* 


Dose Colorimetric Readings and Values for B at Intervals of 

' 



of 

Rose 

Ben 

1~ 

Min- 

2 

Minutes 

4 

Minutes 

A 

8 

Minutes 

16 

Minutes 

32 

Minutes 

46 ' 

Minutes 

1. 

Plasma 

Tt/’ntnrVif' 


ute, 



f ^ 

f 


t 

T 


/ S 


1922 

Mg 

% 

% 

B 

% B 

% 

B 

% 

B 

% E 

% B 

Poimds 

Cc 

2/15 

SO 

104 

93 

0 93 

70 0 73 

54 

052 

32 

0 31 



248 

384 

2/10 

30 

93 

72 

0 78 

G5 0 70 

47 

0 49 

29 

0 31 



24 0 

431 

2/10 

Chloroform anesthesia 65 minutes 








2/17 

20 

71 

85 

1 12 

03 0 88 

00 

092 

69 

0 83 



238 

374 

2/18 

20 


77 


00 

01 


57 


47 

37 

235 


2/24 

20 

71 

64 

0 91 

53 0 75 

41 

0 68 

31 

0 44 

18 0 26 

12 017 


379 

2/28 

20 

70 

03 

090 

62 0 76 

38 

055 

27 

0 38 



220 

383 

3/ 2 

30 

94 

84 

090 

63 0 73 

52 

060 

37 

038 






* On Pebruary 17, the plasma was strongly tinged with bile, less so on Pebruary 18, and 
not at all on Pcbniary 24 The dog was quiet and drank a good deal of water on the two 
days following chloroform anesthesia Pood was withheld for five days previous to the 
anesthesia 
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appearance of the dye from the blood stream was determined prior to 
the injiir}- of the liver of the paiticular animal which was used for the 
experiment The colorimeter readings lepresent the percentage con- 
centration of the dye m the plasma as compared with the standard 
(00075 per cent ) Since the plasma volumes from day to day under 
these experimental conditions are not constant, it is impossible to com- 
pare these readings dii ectly The effect of varying plasma volume may 
be eliminated by computing the ratios of the colorimetric readings at 
the two, four, eight and sixteen minute interval If these ratios are 
plotted against the corresponding time intervals, a ‘rate of dye elimi- 
nation curve’ will be obtained This ratio decreases rapidly during the 
first intervals of time and less so at latei time intervals 

Tables 1 to 4 show the effect of livei injury by chloroform anes- 
thesia on the rate of elimination of the dye from the blood stream 


Table 1 — Peicentage Coucciti>atton of Rose Bengal m the Blood Planna 
Bcfoie and Aftei Liver Injwy by Chlorofoim Anesthesia 
Dog 22-40 (Adult BlncL nnd White Iloiind)* 


Colorimetric Readings nnd Values for Bf at Intervals of 

I ' — ' ' * , I — 

One 2 Minutes 4 Minutes 8 Minutes 16 Minutes 
finute. , • > , » . , ' > / * > 


Date, 

Minute, 

Per- 

cent- 

1 " — 

Per 

cent- 

, 

Per- 

cent 


Per- 

cent 

y , 

Per- 

cent 

^ 

Weight, 

Plasma 

Volume, 

1922 

age 

age 

B 

age 

B 

age 

B 

age 

B 

Pounds 

Oc 

3/ 7 

99 

88 

089 

09 

070 

38 

0 89 

22 

022 

24 5 

405 

408 

3S6 

377 

425 

420 

SI 8 
8/ 8 

98 85 0 87 64 0 61 

Chloroform anesthesia 50 minutes 

45 

0 46 

23 

0 23 

23 5 

3/ 9 

104 

100 

097 

89 

086 

63 

080 

70 

067 

228 

3/11 

106 

96 

0 91 

87 

081 

83 

0 78 

52 

0 48 

21 8 

3/14 

94 

SO 

0 85 

72 

0 76 

48 

060 

36 

0 38 

21 8 

3/lG 

96 

86 

090 

75 

0 78 

57 

060 

40 

0 42 

218 


* The dog uas isolated on March 5 nnd food vras -withheld until the 
completed On March 0, the day following the anesthesia, the plasma tvas brightly coioreu 
with bile pigments, but less so on March 11 and only slightly so on March 14 The dog u 
not vomit or show signs of severe toxicity Ho drank a copious amount of water 

t In this and other tables, B represents the ratio of the percentages of dye at y 
particular time to the percentage after the first ininuto interval The dose of rose Dcag 
equals 30 mg for each iniection 


In none of these cases did the injury prove fatal to the animal It 
may be assumed that the animals were normal prior to the period of 
anesthesia Nearly identical curves were obtained during the normal 
period of the same dog, and curves which are similar but which indicate 
a slightly different rate of dye elimination were found for other animals 
Elimination of Dye Pievwiis to Chlotofoim Anesthesia -The 
colorimetric reading which was taken after the first minute interva 
varies in different dogs, since the concentration of dye is a function o 
the dilution of the dye in the total volume of blood which is in circu- 
lation The higher the percentage concentration of the dye in the 
plasma wuth the same dose, the lower is the volume of plasma into -whic 
it is diluted During the first minute after the injection, the dye is 
probably distributed fairly evenly through the circulation, if we assume 
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the chlorofoim anesthesia, and shows a decided lag The high values 
for the ratios coi responding to the eight and sixteen minute time 
intervals subsequent to the injection of the dye show a marked con- 
trast to the values which weie obtained before the liver injury had 
been induced (Tables 1, 2, 3 and 4) This point is of particulai 
significance, for, as has been pointed out previously, it indicates that 
the injury of the liver is intimately concerned with the elimination of 
the d}e Subsequent determinations which were made on the same 
dog on successne days after the liver injury had been induced show 
a giadual leturn to the normal type of curve, although m several 
instances the experiments weie not prolonged ovei a period of time 
sufficient to lead to a complete lecovery Recovery from the effects 
of the Iner injury took place m all four experiments, hence pathologic 
material confirming the extent of liver injury was not available, but 

Table S — Pc> cottage Conccntratiou of Rose Bengal in the Blood Plasma 
bcfoic and Aftei Livei Injuty by Chloi ofoi m Anesthesia 

Dog 22-40 


Colorimetric Readings and Values for R at Intervals of 

- - - - 



One 

2 Minutes 

4 Minutes 

8 Minutes 

^ 

16 Minutes 




Jlinutc, 


A 


JL . . 


A 


1 






f 


t 







Per- 

Per 


Per 


Per 


Per 



Plasma 

Date, 

cent- 

cent 


cent 


cent 


cent 


Weight, 

Volume, 

1D22 

age 

age 

R 

age 

R 

age 

R 

age 

R 

Pounds 

Oc 

4/17 

70 



54 

0 78 

40 

0 58 

33 

0 47 

18 8 

575 

4/19 

64 

60 

0 94 

51 

080 

SO 

0 58 

SO 

0 47 

19 0 

625 

4/31 

Clilorofonn anesthesia 90 minutes 







4/23 

76 

78 

103 

82 

106 

76 

1 OO 

63 

083 

ISO 

526 

4/33 

93 

107 

1 16 

94 

1 02 

89 

090 

87 

0 94 

17 5 

432 

4/25 

85 

79 

0 91 

73 

085 

61 

0 75 

51 

060 

17 0 

470 

4/26 

77 

73 

0 95 

66 

085 

54 

0 70 

48 

063 

16 0 

517 

4/26 

Dog killed under ether 

and 

necropsy 

performed 

Dose of rose begal equals 30 mg for 


eacli Injection 


the presence of bile pigments m the plasma indicated that definite injury 
had taken place On account of lack of data, no attempt will be made 
in this paper to draw any con elation between the amount or extent 
of liver injury and the specific change in the curve of elimination that 
results from such injury It is regretted that sufficient time was not 
available to obtain data on this point Further work is necessary on 
many aspects of the problem 

Table 5 shows a more profound effect of chloroform anesthesia 
which was continued foi a peiiod of ninety minutes The dog was 
sacrificed under ether in a moribund condition, and sections of the 
liver tissue showed a marked necrosis involving nearly all of the liver 
parenchyma Yet even in this case there appears to be a tendency for 
the curve of elimination to leturn to normal 

Necropsy Notes (Table 5) Macroscopic examination showed a 
marked hvei necrosis which was more marked in some areas, less so 
in others The perilobular connective tissue was prominent and of a 



406 


ARCHIVES OF INTERNAL MEDICINE 


that this dye behaves in a manner similar to the “vital red” which is 
used for the estimation of plasma volume During this first minute 
there piobably is some elimination of the dye, but it is probably small 
A small mteival of time for the even distribution of the dye through 
the circulation must be given, and some arbitrary time shortly after 
the injection for the first determination of dye concentration must be 
taken The interval of one minute may intioduce an inaccuracy with 
regal d to the actual computed plasma volume, but the exact unit of time 
taken before the first sample of blood is withdrawn is immaterial, 
provided it is of short duration and constant for each curve that is 
made Great care was exercised to ensuie that each sample was drawn 
exactly on time This was particularly necessary in the case of the 
one minute samples, since a few seconds’ delay in the drawing of the 
sample will introduce a definite error 

It will be seen from the estimation of the fifth sample of blood, 
taken sixteen minutes after the injection of the dye, that the rose 
bengal has laigely disappeaied from the blood stream (The colori- 
metric readings varied between 20 and 30 per cent ) This concentration 
of dye IS about the lowest which can be estimated with any degree of 
accuracy in the Hellige colorimeter and denotes a very pale plasma 


Ehmmation of Dye Aftei a Poiod of ChIo)ofonn Anesthesia In 
these experiments, the animals were put under chloioform anesthesia 
for periods of time as indicated in the respective tables The period of 
fasting previous to the day on which the animal was subjected to the 
chloroform anesthesia is given at the foot of each respectne table It 
IS recognized that there is a definite relationship between the period 
of fasting and the extent of liver injury The clinical efltects of the 
anesthesia are indicated in each table, but these were not marked, and 


all of the animals recovered 


The first immediate eftect of the liver injuiy by chloroform appar 
ently is a fall in the plasma volume, since the concentiation of dj^e m 
the plasma of the first sample was found to have increased This is 
a constant finding in all of the experiments All animals were su 
ficiently supplied with water, of which they freely partook after tie 
period of chloroform anesthesia The results therefoie can hardly e 
explained on the basis of an insufficiency of water It is possible tia 
the increased thirst of the animals is the result of a decrease m i 
plasma volume It is recognized that this dye is not as satisfactory o 
blood volume work as are the commonly used vital red dyes 
The second effect is a decided lag in the elimination of the 
the dye elimination curve becomes more neaily horizontal The e e 
of chloroform anesthesia on the elimination of dye is not dependen^on 
the elapse of a considerable interval of time after the anesthesia 
first estimation of dye elimination (Table 2) was made six hours a t 
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dye, to which a few drops of the normal bile, collected during the period 
piior to the injection of the dye, were added These readings were 
made in a Diiboscq colorimeter, and consideiable care was taken to 
ensuie a perfect color match between the two solutions This process 
was tedious and empirical, foi it was impossible to calculate the exact 
amount of bile which must be added to the standaid in order to secure 
the exact shade demanded by the specimen of colored bile which was 
obtained aftei the injection During five hours of collection, 13 mg 
of the 30 mg which had been injected were recovered 

Following the injection of the dye, blood samples were withdrawn 
aftei one, two, four, eight and sixteen minutes, as in the previous 
expeiiments, and the percentage concentration of the dye in the plasma 
compared with the 0 0075 per cent solution of the dye was determined 
The curve corresponds to the normal type of curve which was obtained 
m the other dogs The amount of dye which was removed from the 


Table 6 — The Quantitative Ehimnatton of Rose Bengal tn the Bile 



Time Interval, 

Amount Collected, 

Dye Eliminated, 

Time 

Hours 

Oc 

Mg 

*9 SO to 2 SO 

6 

10 6 


2 SO to 3 30 

1 

40 

1864 

3 so to 1 so 

1 

45 

6 201 

4 so to 5 SO 

1 

415 

4 016 

6 so to 6 SO 

1 

0 76t 

0 491 

6 SO to r so 

1 

28 

1470 


* At 2 so, so mllllBrams of dye vere injected 

•f Most of the 6 SO to C so sample was accidentally lost 

Total dye elimination equaled 13 012 

circulation by the taking of blood samples cannot possibly have had 
any material effect on the quantitative determinations m the bile 

At first sight it may appear that the dye itself possesses a cholagogue 
action, but when the many other factors which accompany this type of 
experiment and which may modify the secretion of bile are considered, 
one will hesitate to attribute the increased flow of bile to the action 
of the dye itself 

DISCUSSION 

From the foregoing experiments, it appears that the elimination of 
rose bengal from the ciiculation is profoundly affected by injury of 
the liver, when this injury is induced through the agency of chloroform 
With the experimental data at hand, it is impossible at this time to draw 
a con elation between the amount of liver injury and the extent of 
the change in the rate of elimination of the dye, and one would not be 
justified in claiming on the basis of the information thus far obtained 
that this method of experimentation will give any index of the activity 
of the liver ip. any one of its numerous and complicated functions 
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pearly gray color The hvei parenchyma was gray and opaque The 
gallbladdei contained dye stained bile The duodenum showed a con- 
siderable enteritis with reddish longitudinal streaks in the mucosa, 
which was denuded over small areas There was a moderate amount 
of dye in the entire intestine The blood of the animal was not clotted 
(necropsy performed some hours after death) There were 200 cc of 
serosanguineous fluid in both chest cavities Microscopic examination 
of the liver showed an extensive liver necrosis involving most of the 
liver parenchyma, in some aieas almost the entire liver lobule was 
destroyed, in others, the liver cells were swollen and granular 


Comment — Fiom the data obtained in these experiments, the plasma 
volume can readily be calculated If we consider that the mixing of the 
dye with the blood is complete after one minute, and that the amount 
of dye which is eliminated during that time is not yet sufficient to 
alter appreciably its concentration in the blood, and we find that the 
percentage concentration of the dye in the plasma, after the injection 
of 30 mg IS, let us say, 58 7 per cent in terms of the 0 0075 per cent 
standard, it is easy to calculate the volume to which this dye has been 
diluted The following equation may be deduced to express the plasma 


volume 


Plasma volume = 


Milligrams of dye injected X 10*^ 
Colorimeter reading X 75 


The plasma volume determinations are given in each table and are 
calculated with the aid of the foregoing formula 


EXPERIMENT ILLUSTRATING QUANTITATIVE ELIMINATION OF DYE 
IN BILE FOLLOWING INJECTION INTO CIRCULATION 

An attempt was made to determine the rate of elimination of the 
dye through a bile fistula, followng its injection into the circulation 
A temporary fistula was established (Table 6), and the collection of 
normal bile was continued for five hours During the first half hour 
following tlie operation no bile was secieted into the collecting bag, 
but during the subsequent four and one half hours 10 5 cc were 
collected Thirty milligrams of the dye were injected into the jugular 
vein, and collections of bile were made hourly It was noted that the 
bile flowing through the glass cannula was definitely tinged with the 
dye eighteen minutes after the injection had been made In another 
dog the time of appearance of the dye in the bile at the body wa , 
where it was first visible, was eight minutes Evidently the dj-e is 
rapidly eliminated from the blood, but it continued to appear 
bile of the dog for as long as five hours, which is the longest perio o 
observation The samples of bile which were collected houily after t ie 
injection of the dye were compaied with a standard solution o tie 



THE BASAL METABOLISM DURING PREGNANCY 
AND THE PUERPERIUM + 

HOWARD F ROOT, MD. and HESTER K ROOT, AB 

BOSTON 

The liteiatme of noimal piegnanc}'’ aftords, so far as we aie aware, 
no senes of observations on the basal metabolism beginning with eaily 
pregnanc} and continuing thiough the puerperiiim Magnus-Levy,’^ in 
1904, and Plasselbach,- in 1912, each reported a single case observed 
before conception and during pregnancy Leo Zuntz,^ in 1910, 
repoited two cases with observations beginning in the fourth to the 
sixth months and continuing to deliveiy, and a third case in which 
obser\ations veie made m the sixth month only 

Magnus-Leiy found both an absolute and relative increase in the 
OX} gen consumption per unit of weight as early as the third month of 
piegnancy Zuntz and othei observers, however, found no increase m 
the oxygen consumption pei kilogram, or, if any occurred, it appeared 
only late in the gestation period Carpenter and Murlin,'* in 1911, 
shoued that the curve of total eneigy pioduction of mother and child 
suffered no deflection at birth They found that “the extra metabolism 
of the pregnant woman at the culmination of pregnancy, due in part 
to the accessory structures as well as to the fetus, is just equalled by 
the extra metabolism set up in the new-born child by exposure of its 
bod} to the outside world, and in the mother by the activity of the 
mammal} glands," etc The energ}^ metabolism expressed per unit of 
■weight of the pregnant woman was 7 per cent less than that of the 
same woman newly delivered, and about 4 per cent more than that of 
women in complete sexual rest They concluded that the eneigy 
metabolism of the pregnant woman expiessed per unit of surface is 
specifically higher than that of a woman in complete sexual rest, piob- 
ably because of a highei metabolism in the uterus and because of a more 
rapid conduction of heat through the abdominal wall 

Baer° reported, in 1921, a senes of forty-foui patients with basal 
metabolism determinations at various periods during the last six weeks 
of pregnancy and the first eleven days postpartum He compared the 
results obtained with the Aub and DuBois standards based on surface 
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From a study of the elimination of rose bengal from the blood 
streams of a large number of cases, it should be possible to determine 
the time limits which are required to reduce the concentration of dye 
in the blood stream to an indefinite amount A lag in the elimination 
of dye from the blood stream can then be determined This may give 
an index of the liver injury, or, if the term be permitted, of liver 
function 

CONCLUSIONS 

Rose bengal, when injected into the circulation of normal dogs, at a 
dosage of about 20 mg per 20 pounds (9 7 kg) of body weight, 
remains in the blood stream for at least sixteen minutes 

Examination of samples of blood which were withdrawn from the 
circulation at definite specified intervals after the injection of the dye 
shows that there is a constant rate of elimination of the dye The 
percentage concentration of the dye in the plasma as detennined at 
definite time intervals may be tabulated and a “normal” curve of 
elimination of the dye may be obtained 

Under certain conditions of liver injury, such as may be induced by 
chloroform, the curve of dye elimination is markedly influenced and 
indicates a slower elimination of dye 
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hocke}, etc , for years without any evidence of caidiac weakness Dur- 
ing piegnancy she was able to carry on her usual activities with prac- 
tically no limitation Ph)''sical examination revealed no evidence of 
caidiac damage The mciease m the vital capacity is itself good evi- 
dence of the noimal cardiac condition 

Labor pains weie first felt about 1 a m on July 31 During one 
and one-half houis m the fiist stage, self-administered nitrous oxid 
relieved the intensity of the pains, and m the second stage under ether 
anesthesia, delivery was hastened by the application of low forceps by 
Di R C Cochrane Bn th of a girl baby occurred at 1 1 30 a m , 
July 31, after ten and one half hours’ labor After a hospital stay of 
two weeks and three days, she returned to her home Duiing the first 
two weeks of the puerpeiium she was in bed, then followed two weeks 
of gradually increasing activity, and the resumption of nearly normal 
actmty at the end of a month 

METHODS 

A Benedict portable respiration apparatus was used, and the obsei- 
vations were made approximately at two weeks intervals at the patient’s 
home, with the exception of the first two following delivery, which weie 
made m the New England Baptist Hospital During the last three 
weeks of pregnancy, observations were made weekly The same 
apparatus was used throughout the entire period of observation The 
usual precautions as to the omission of food for twelve hours and 
absolute rest in bed for at least one-half hour preceding tests were 
observed 

On the night befoie a test day, the subject’s weight was taken at 
10 30 p m , and she went to bed at about 10 45 p m She arose at 
6 30 a m to urinate and to be weighed and then returned to bed, 
often sleeping until the arrival of the operator at 8 a m While in the 
hospital, the determinations were made when she was still confined to 
bed, and hence no activity intervened between the night’s rest and the 
test, with the exception of such activity as was involved in nursing the 
baby at 6 a m Careful notes were made as to the rare instances of 
nervousness on the part of the subject and of any possible cause for 
disturbance During the later months fetal movements occurring dur- 
ing the periods were recorded The subject reported that at almost all 
hours of the day slight movements could be felt if her attention was 
not focused on other matters, hence only unusual movements were 
recorded On one occasion, such movements occurred following the 
first period, and consequently the second period was delayed until the 
activity had subsided 

So far as extraneous movements on the part of the subject, such as 
turning on the side, laising the hand, or changing the position of the 
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area A total of 127 determinations weie made, of which fifty-two 
were prepartum and seventy-five postpartum From these figures 
expressed m percentage plus or minus, he constructed a chart showing 
on the average an increase from -j- 26 per cent m the thirty-sixth 
week to -}- 33 per cent m the fortieth week of pregnancy, and a decline 
from + 15 per cent on the tliird day postpartum to + 14 per cent on 
the eleventh day No individual records are shown He also suggested 
the use of basal metabolism determinations m diagnosing fetal death 
or the pi esence of twins 

Cornell,® in a more recent study of eighty-four cases, found the 
basal metabolism subject to many influences and the results of no value 
m practical obstetrics 

The results of Baer and Cornell were obtained on a senes of 
patients, including many pathologic cases Furthermore, the average 
number of observations per patient m both series is less than three, 
including prepartum and postpartum periods Lack of control of 
psychologic factors is admitted by Cornell The need for a long senes 
of observations on individual patients during pregnancy and the puer- 
perium is clearly indicated 

This study of a single subject is here reported because observations 
beginning in the fifteenth week of pregnancy have been continued at 
short intervals until the eighth week after delivery in the case of an 
extraordinarily normal pregnancy in which psychologic and physical 
factors exerting an untoward influence on the determinations were not 
present So far as we are aware, no series of observations on normal 
pregnancy comparable in frequency and length of period covered have 
been reported previously 

SUBJECT 

The subject of these observations was a normal primipara, aged 29 
years, four and one-half months, at the beginning of pregnancy The 
date of the last menstruation was Oct 22, 1921 Morning nausea and 
vomiting occurred during the third month but not thereafter No febrile 
complications arose at any time during pregnancy or the puerperium 
Indeed, the buccal temperature never exceeded 99 F even on the day 
of delivery Edema of the ankles was present one day during the 
second month and was constantly present during the last three months, 
though varying in amount Thus, on rising in the morning little or 
no pitting edema could be detected, although a considerable degree of 
edema was present in the evening The high pulse rate deserves some 
comment Frequent examinations over a penod of from eight to ten 
years had always shown an unusually high rate from 85 to 90 She 
had enjoyed moderately strenuous athletics, swimming, canoeing, 


6 Cornell, E L Surg , Gynec & Obst 36 53, 1922 



Table 1 — Computed Basal Metabolisjn* 


Date, 1922 

0\y gen 
per 

Minute, 

Oc 

Pulse 

Body 

Weight 

(Nude), 

Kg 

Peb 9 

18S 

90 

530 

Feb 21 

181 

70 

54 1 

Mar 2 

179 

70 

54 1 

Mar 15 

187 

76 

504 

April 1 

190 

80 

577 

April 16 

191 

87 

57 7 

April 27 

194 

84 

580 

Maj 12 

20S 

99 

591 

Maj 27 

204 

87 

GOO 

June 13 

209 

74 

00 9 

Tune 28 

221 

82 

61 S 

July 11 

21S 

77 

61 S 

Tuh 19 

225 

90 

61 4 

July 20 

221 

87 

609 

July 31 delivery 
Aug C 

190 

87 

52 3 

Aug IS 

187 

82 

52 3 

Aug 20 

ICS 

01 

52 3 

‘lept 3 

165 

68 

52 0 

Oct 1 

177 

70 

53 2 


Increase m 
Calories per 



Deviation 


24 Hours 

Computed 

from 

Calorics Over Average 

Calories 

H andBf 

per Kg 

of Feb 9 to 

per 

Standard, 

per 

March 2 

24 Hours 

Percentage 

24 Hours 

Percentage 

1,308 

—1 5 

244 


1,260 

—5 4 

23 3 


1,240 

—71 

22 9 


1,297 

—42 

22 4 

+ 22 

1,321 

—3 3 

22 9 

+ 41 

1,347 

—1 3 

23 3 

+ 61 

1,347 

—16 

229 

+ 61 

1,448 

+5 2 

24 4 

+141 

1,421 

+2 6 

23 6 

+12 0 

1,454 

+4 4 

239 

+14 6 

1,530 

+9 5 

24 8 

+20 6 

1,514 

+8 2 

24 6 

+19 3 

1,561 

+12 1 

26 3 

+23 0 

1,530 

+101 

25 2 

+20 6 

1,321 

+0 7 

25 2 

+ 41 

1,301 

—09 

249 

+ 25 

1,167 

—11 5 

22 3 

— 80 

1,147 

—12 9 

22 1 

— 96 

1,227 

-75 

23 0 

— 33 


* Ml tlie metabolism figures reported in this paper \\ere based on the revised methods of 
cnlculation resulting from a critical test by Dr T M Carpenter of the Nutntion Laboratory 
of this portable aparatus (bj burning Known amounts of alcohol) and represent most 
accurate measurements of the o\jgen consumption 

t “H and B ’’ is an abbreviation for Harris and Benedict, Carnegie Institution, Wash 
ington. Pub ^o 279, 1919, lablcs 3 and 4, pp 2C0 et seq 


c c 



Curves for pulse rate per minute, body weight, basal heat production per 
twenty-four hours and per kilogram per twenty-four hours, and vital capacity 
from the fifteenth week of pregnancj until the eighth week after delivery (July 
31. 1922) 
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feet, are concerned, it may be definitely stated that none occurred dur- 
ing the metabolism tests The reasons for such cooperation were 
first, the extraordinary composure and self-control of the subject, 
second, the exercise of great care m making the subject comfortable 
before beginning experiments, and third, the intelligent understanding 
on the part of the subject of the nature of the test being carried out 
Observations were always made in three ten minute periods Tests 
for leakage of the apparatus and connection with the mouth were made 
during each period according to a new technic Such tests were 
invariably negative and demonstrated the absence of a leak 

DATA 

In Table 1 are given the data of the metabolism experiments which 
may be ref ei red to, and m Figure 1 are given the curves for the 
metabolism, body weight, pulse rate, and vital capacity 

We first call attention to column 5, Table 1, showing the total basal 
calories per twenty-four hours The average of the first three determi- 
nations was 1,269 caloiies, with which, in the absence of observations 
preceding pregnancy, we must compare the metabolism at later dates 
The total computed twenty-four hour basal metabolism steadily increased 
until on July 19 the computed metabolism was 23 per cent greater than 
It was five months previously This extraordinary increase in basal 
metabolism was accompanied by an increase in weight of but 14 per 
cent It IS clear, therefore, that the specific metabolism of the newly 
gained tissue must ha^m been considerably higher per kilogram than 
that of the subject before the increase m weight occurred 

This increase in metabolism is out of all proportion to the increase 
m metabolism which would occur in a normal woman of the same age 
and height with a similar gain in weight Thus, the normal woman, 
according to the table of Harris and Benedict, of the same age and 
height would gain in metabolism only 5 per cent with a similar gam in 
weight According to the prediction tables of Aub and Du Bois, the 
gam in metabolism under the same conditions would be 5 per cent It 
is clear, therefore, that the gam in basal metabolism of the pregnant 
woman, as she gains in weight, is at a different rate, at least in the 
later months of pregnancy, from that shown by the normal woman 
by the standard prediction tables 

Following delwery, the patient’s weight remained fairly constant, 
yet marked changes in the basal metabolic rate were observed The 
total basal calories fell rapidl}’- during the first three weeks after delivery 
to the lowest level observed at any time during the eight months, 9 6 per 
cent below the level during the third month of pregnancy 

We regard this comparison of the j^atient herself against herself at 
different penods as of greater importance than a comparison of the 
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The discrepancies were noted at the time, and every eifort made to 
find an explanation By a new technic a test for tightness of the appa- 
ratus was made during the progress of every period, and in both these 
mstances no evidence of leakage could be found Further tests for 
leakage were made at the end of these periods, without result The 
same stop-watch was used throughout In short, we have no reason to 
suspect the apparatus or the timing of the periods The subject denied 
expenencing any discomfort or any unusual sensations No unusual 
fetal movements were felt It appears, therefore, that the occurrence 
of brief periods of greatly increased metabolism during the latter part 
of pregnancy must be accepted until definite proof to the contrary is 
produced 

The interpretation of such variations would seem to depend chiefly 
on the assumption that great variations in fetal activity may occur with- 
out corresponding disturbance of the mother The significance of 
Ivymograph records purporting to give evidence of the charactei of 


TjVBLe 2 — Vaiiatxons xn Coxisximptton of Oxygen 




Oxygen Con- 


Time, 

Dnte 

Period 

sumption, 0 c 

Pulse 

a 

Juno 2S 

I 

220 

85 

8 17 


II 

242 

88 

8 39 


III 

221 

78 

8 57 

July 20 

I 

223 

90 

8 26 

II 

279 

97 

8 42 


III 

218 

83 

9 02 


fetal movements has been questioned by such authorities as Williams ® 
There seems to be no definite knowledge as to the nature and metabolic 
influence of fetal movements However, no better explanation for 
these figures is at present available These periods, however, were not 
regarded as basal and accordingly were not used in the averages 

Three other factors possibly influencing the basal metabolism m 
pregnancy may be mentioned The first of these is seasonal variation 
The early months of pregnancy occurred in the winter, whereas the 
later months and the puerperium occurred in midsummer No evidence 
of any seasonal influence is obtainable from the data 

Hasselbalch found slight acidosis present during the last weeks 
of pregnancy in his subject It is possible that slight acidosis, as shown 
by lowered plasma carbon dioxid combining power may accelerate the 
basal metabolism 

Hypertrophy of the thyroid is frequently observed during preg- 
nacy, and many writers have spoken of a compensatory hyperactivity 

8 Williams, J W Obstetrics, New York, D Appleton & Co , 1922. p 163 

9 Hasselbalch Skand Arch f Physiol 27 1, 1912 
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pregnant woman at any given stage with a nonpregnant, standard, 
normal woman of like age and weight However, such comparison is 
of some interest, and, accordingly, under Column 6 in Table 1 are 
given the percentage deviations from the standard prediction of Harris 
and Benedict for normal women of the same age, height and weight 
It may be stated that the predictions of Aub and Du Bois closely paral- 
leled those of the Harris and Benedict tables at all stages, showing an 
average difference of but forty-seven calories Accordingly, the per- 
centage deviations from their predictions are but slightly different 

These figures for percentages plus or minus standard predictions 
stand in strong contrast with the results obtained by Baer His forty- 
four patients averaged from -f- 26 per cent in the thirty-sixth week to 
33 per cent m the fortieth week, using the Aub and DuBois stand- 
ard for comparison He made, however, only fifty-two determinations 
on forty-four patients from the Michael Reese Maternity Clinic, of 
whom eighteen were pnmiparae It was difficult under these circum- 
stances to eliminate psychologic and other factors, which might produce 
considerable increases in the metabolic late 

It is pertinent at this point to comment on certain factors affecting 
the metabolism in pregnancy Diurnal variation in the basal metabolism 
of a man undergoing a prolonged fast has previously been reported 
from this laboratory^ A similar lowering of the metabolism was 
observed on one occasion during these observations On March 15, 
the subject slept during the third period, and her oxygen consumption 
decreased by 9 per cent during this period Since our object was to 
secure data comparable with standards which have been derived from 
observations on the waking state, this period was not used in making 
up our average However, it agrees with other observations from 
this laboratory in indicating a lowering of approximately 10 per cent m 
the metabolism during sleep, and suggests that only during sleep can 
the maximum relaxation required for a true “basal” determination be 
secured 

Another important factor affecting the metabolic rate, especially m 
pnmiparae, is the degree of mental relaxation On February 9, both 
the pulse rate and the oxygen consumption were higher than for the 
next three determinations The subject denied any feeling of nervous- 
ness, and appeared quite comfortable, but it is probable that the newness 
of the experience was disturbing, nevertheless Single observations 
under these circumstances are open to doubt 

During the last six weeks of pregnancy, evidence was obtained of 
the existence of factors influencing the metabolism much more markedly 
On June 28 and July 26, the second of three periods each gave figures 
for oxygen consumption much greater than the first and third 


7 Benedict, F G Carnegie Inst Wash Pub , No 203, 1915, p 337 
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Appioximately 2 kg remain unaccounted foi, which probably con- 
sisted of edema The metabohcally active tissue lost at delivery con- 
sists of the child, the placenta and that portion of the uterus which is 
lost during involution The appioximate weight of these tissues was 
5 6 kg The difference between the twenty-four hour basal metabo- 
lism five days befoie deliveiy and six days after was 209 calories The 
metabolic late for baby, placenta, and uteius just befoie delivery would 
accoidingly seem to have been about 37 calories per kilogram It is of 
some interest to compare this estimate with the obseived minimum 
metabolism of new-born infants reported by Benedict and Talbot,^® 
who found an aveiage of 42 caloiies per kilogram as the minimum 
metabolism of 105 new-boin infants 

In the following tables aie given such figures for the oxygen con- 
sumption leported by othei writers as were found 

Tablf 4 — Oxygen Consumption pci Kilogiam of Body Weight Pei Minute 


Zuntz Cnrpcntcr-Murlln 



Authors’ 

Magnus r- 





“X 

K 


^ Hassel 


Case, 

Levy, 

(A) 

(B) 


(1) 

(2) 

(3) 

bnlch, 

Condition 

Oc 

Oc 

Oc 

0 c 

Oc 

Oc 

Oc 

Oc 

Normnl 


2 79 

3 47 

350 

3 75 





During 3d mo 


288 








During 4th mo 

3 15 

292 



3 72 





During 3tb mo 

3 30 

310 


3 05 

3 54 





During Ctb mo 

3 33 

3 14 

3 88 

3 62 






During 7tb mo 

3 42 

310 








During Stb mo 

3 42 

3 20 


392 

3 45 





During 9tb mo 
Weight (nude) 

3 09 

3 33 


3 75 

3 47 

34 

39 

34 

2 93 

before dclli- 
erj, kg 

009 

1151 


5804 

67 8 

03 0 

58 0 

082 

76 3 

Pucrpcrium— 










peek 

3 01 









2d V nek 

3 58 






4 12 

3 34 


3d peek 

3 22 





3 40 




4 th ncok 

3 18 








2 85 

Gth week 









2 70 

Stli nrek 

3 32 








290 


* All vnlucs nrc computed to 0 O and ICO mm and previous to deli\ery are averages 
obtained from observations on t«o or more days 

The only patient who did not show a higher oxygen consumption 
in the later months of piegnancy than m earlier months was Zuntz’s 
Patient C She had acute pyelitis with fever m the fifth month and 
thereafter gamed much weight He calculated that she gained 7 kg m 
fat alone His Patient A actually weighed less at term than befoie con- 
ception This strongly suggests some abnormality and perhaps invali- 
dates the comparison of the oxygen consumption in the middle and at 
the end of pregnancy 

The influence of obesity on the oxygen consumption per kilogram 
of body weight is well shown by the figures given above Thus, m 
the ninth month, the lowest oxygen consumption is found in the case of 

10 Benedict, F G, and Talbot, F B Carnegie Institution Washington 
Pub No 233, 1915, p 99 
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of the thyroid at the time Neither hypei trophy of the thyroid nor 
any constant increase in pulse rate appeared in this subject, and conse- 
quently no objective evidence can be brought forward indicating any 
special influence on the part of the thyroid 

The curve of calories per kilogiam is an instructive one From 
February 9 until April 27 it is fairly constant, but from April 27 until 
July 26 it shows a striking rise from 22 9 to 25 2 calories per kilogram 
Fluctuations in body weight during this time were greater than during 
the early part of pregnancy Thus the average difference in weight 
between weights taken at 10 p m and 6 30 a m from July 20 to 
July 26 was 2 6 pounds (7257 4 gm ), whereas in February the average 
difference m these weights foi a corresponding period was 1 pound 
(4535 9 gm ) The warmer weather, disappearance of edema during 
the night, and the increased metabolism no doubt influenced this fact 
It should be said, however, that practically all edema of the extremities 
had disappeared m the morning when the metabolism tests were made, 
and the curve of weights taken at this time is an extraordinarilv 
regular one 

During the first two weeks of puerpenum, the heat production fell 
slightly, to 24 9 calories per kilogram, and at the end of the third week, 
the rate was 22 3 calories per kilogram 

In any consideiation of the heat production per kilogram during 
pregnancy, gam in adipose tissue is important Of Zuntz’s three 
patients, two gained iveight independently of the products of concep- 
tion Magnus-Levy’s patient was a giantess who apparently did not 
gam in adiposity It is not clear from the paper of Carpenter and 
Murlin whether their three patients had gained adipose tissue during 
pregnancy or not Our subject weighed, one week after delivery, 
1 3 kg more than she did before conception Such a difference may 
well be accounted for as due to increased mammary and uterine tissue, 
and certainly does not indicate such a gam in adipose tissue as would 
influence the heat production per kilogram The difference in weight 
between that of five days before delivery and one week after was 8 6 
kg , which may be compared with an average loss of 7 257 kg between 
the thirty-ninth or fortieth week and the third day postpartum reported 
by Baer This difference may be analyzed as follows 

Table 3 — Elements Causing Increase m Weight Befoie Dehvciy 

Kg 

Baby 3 8 ^ , 

Placenta 0 8 (approMiunteiy) 

laquor amnii 1 0 (approyims'tqrl 

Uterine increase 1 0 (approximately! 


Total 
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aids for piegnant women should be established In the hope that our 
results may be moie useful to other obseivers we submit Table 5 of 
physical measliiements 

Before commenting on these results, some explanation of the 
method of measurement is necessaiy Height was taken in stocking 
feet The trunk length is the measurement recommended by Dreyei 
The subject sat on a level surface with the back against a measuring 
rod With the back of the knuckles on the floor the body was bent 
forward and raised and the sacium thrust against the measuring rod 
Then with the hands m the lap and the body erect, the height to the 
vertex was taken Chest cii cumf erence was measured just below the 
mammary tissue and with the chest at lest, that is, neithei at maxi- 
mum inspiration or expiration The intei acromial diameter was taken 
by means of obstetric calipers and lepiesents the distance between the 
tips of the aciomion piocesses with the patient standing eiect, the arms 
hanging at the sides The anteroposterioi chest diametei was also taken 
with obstetiic calipers and repiesents the distance in the horizontal 


Table S — Physical Measut cincnts 



March 10, 1022 

May 21, 1022 

Oot 6 , 1022 

LontUis— Heifeht 

162 4 

162 4 

162 7 

Trunk 

S48 

81 8 

844 

Diameters— Intcracromlnl 


310 

85 4 

Ohest, anteroposterior 


10 6 

18 2 

Ohest, lateral 


26 0 

25 0 

Intercrestal 


28 6 

28 6 

Ciroum forenco— Olicst 

75 6 

770 

73 6 

Weight 

65 6 

600 

631 


plane from the lowei border of the steinum to the opposite spinous 
process The lateral chest diameter was the maximum diameter 
between opposite sixth ribs taken in midaxillary line These two chest 
diameters were taken with the chest at rest and are bony measui ements, 
the points of the calipers being approximated to bony sui faces as nearly 
as possible The intercrestal diameter was also taken with obstetric 
calipers and represents the maximum diameter between the outer lips 
of the iliac crest 

One purpose in taking these measurements was to determine 
whether measurements which have been recommended as standards for 
weight prediction would vary with the change of weight during preg- 
nancy It IS obvious that the measurements of length, which are 
essentially bony measui ements, show no variation Slight variation 
appears m the diametei s, with the exception of the inteicrestal diameter 
The con elation between the intercrestal diameter and noimal weight 
should be studied with a view to detei mining its usefulness in assessing 
normal weight The largest variation appeals in the chest circum- 
ference, which almost parallels the changes in weight The close rela- 





420 


ARCHIVES OF INTERNAL MEDICINE 


the patient of Magnus-Levy, whose weight at this time was 115 1 kg 
The highest oxygen consumption per kilogram per minute is seen in the 
case of the second patient of Carpenter and Murlin, whose body weight 
was the least of all cases here shown 

Our observations do not confirm those of Carpenter and Murlin in 
finding a higher energy production per kilogiam during the puerperiuin 
than in the ninth month of pregnancy The first impression gained by 
examining the fiist column of Table 4 is that the oxygen consumption 
at the end of the first week of the puerpeiium is greater than that dur- 
ing the ninth month However, this figure, 3 64, was obtained on a 
single date, whereas the figure 3 59 represents the average of four dif- 
ferent observations On consulting Table 1, it is clear that tlie highest 
metabolism per kilogram of body weight occurred on the eleventh day 
before delivery If the two highest figures during the puerperium are 
compared with the last two observations duiing pregnancy, again the 
higher basal rate is observed during pregnancy The average calories 
per kilogram per hour for the four weeks preceding delivery was 1 08 
as against 1 03 for the four weeks after delivery In all three of their 
patients, a decided increase in the calories per hour per kilogram 
occurred during the peurperium as compared with observations made 
from one day to three weeks preceding delivery The average increase 
was 7 per cent They suggested that the process of involution set free 
decomposition products which stimulated the general heat production 
Hyperactivity of the sweat glands and the activity of the mammary 
glands were also considered as explanations It may be pointed out, 
however, that although no fever was present at the time of metabolism 
determinations the clinical charts of these patients show in each case 
afternoon temperatures, on several occasions taken by mouth, ranging 
from 99 to 100 F While these temperatures are not considered 
clinically pathologic, they represent a considerable variation from the 
temperature curve of the present subject which did not rise above 99 F 
at any time during the peurperium During the first two weeks the 
basal metabolism showed only a slight downward tendency, but by the 
third week it had fallen to a point lower than at any time during preg- 
nancy, both total and per kilogram This low level w'as found at the 
end of the fourth week, but eight weeks after delivery, with a slight 
increase in body weight, the oxygen consumption lose somewhat, pos- 
sibly in part due to a considerable increase in diet on the part of the 
subject 

PHYSICAL MEASUREMENTS 

We have called attention to the striking difference between the gam 
m basal metabolism by the pregnant woman in the later months of preg- 
nancy and the gam in metabolism with a similai gain in weight on the 
part of the nonpregant woman It is important that metabolism stand- 
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have some evidence of an increase in chest volume from the chest 
measurements Thus the circumference on Maich 10 was 75 5 cm , on 
May 24 it was 77 0 cm , and on October 5, two months after delivery, it 
was 73 5 cm The chest diameters were also greater on May 24 than 
on October 5 Unfortunately, we have no chest measurements taken 
at the time of the highest vital capacity readings A further suggestion 
as to the relation of an increased chest volume as an explanation of this 
high vital capacit}'^ comes from the fact that the greatest increase in 
vital capacity occuried during the period when the uterus descends 
somewhat into the pelvis, presumably releasing the upward pressure 
and allowing freer descent of the diaphragm 

An interesting possibility is based on the assumption that the vital 
capacity measures cardiac power and efficiency It may be that during 
the last few weeks of a normal pregnancy the heart truly gathers its 
forces in pieparation for the supreme test of labor, and that this 
increase in vital capacity is an evidence of this adaptive mechanism 

Hasselbalch found the vital capacity slightly greater in the last 
month of pregnancy than thereafter, and considered this fact due to 
the more complete emptying of the lungs and less residual an How- 
ever, the changes m lung volume were not great 

A comparison of the observed vital capacity with the standard pre- 
dictions of West, Peabody, and Dreyer shows striking differences The 
range of the standards is from 3,050 c c to 3,497 c c for the measure- 
ments of the subject observed on March 10, Dreyer’s prediction from 
the chest circumference being much nearer to the observed 3,710 c c 
When the entire series of observations is compared with the predictions, 
again the Dreyer prediction from chest circumference seems the closest 
It follows from the fact that weight and chest circumference have a 
high degree of correlation that the vital capacity predicted from the 
weight should vary somewhat as that predicted from the chest, and, in 
fact, Dreyer’s prediction from weight does run parallel to the chest 
predictions 

SUMMARY 

The course of the basal metabolism from the fifteenth week of 
pregnancy to the eighth week after delivery is leported in the case of 
a pnmipara in whom pregnancy was uncomplicated by gam m adipose 
tissue or disease of any sort The basal metabolic rate during the 
fourth month was essentially that predicted by the standard for non- 
pregnant women of the same age, height and weight From this time, 
a steady increase in the total calories per twenty-four hours was 
observed until eleven days before delivery, when the total basal 
metabolism was 23 per cent greater than that during the fourth month 
This increase in metabolism is out of all proportion to the increase in 
basal metabolism shown by standard prediction tables for normal 
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tion between the chest circumference and body weight, both in normal 
persons and in diabetic patients who are much overweight, has recently 
been shown by Gray and Root and Root and Miles It is of some 
interest that this measurement also reflects the changes in body weight 
during pregnancy No doubt the upward pressure of the pregnant 
uterus causes some flaring outward df the lower ribs, in which case 
the increase in diameter may be considered entirely mechanical rather 
than actually due to increase of soft tissues outside the ribs 


VITAL CAPACITY 

Measurements were taken with the Benedict portable respiration 
apparatus with the subject standing robed in a loose gown Five read- 
ings were taken, and the highest of the five recorded Usually the third 
was the highest 


Table 6 — Observed Vital Capacity Compaicd With Thiee Standards 




Room 



DreyerJ Prediction from 



Tempera- 


Pea 


1 

""1 

Dite 

Obsert ed 

ture, 0 

West* 

bodyt 

Trunk 

Weight 

Chest 

March 10 1922 

3,710 


3,160 

3,050 

3 299 

3,305 

3,r'7 

April 1, 1922 

3,731 

220 

3,250 

3,050 


3,376 


April 15, 1922 

3,841 

19 8 

3,250 

3,030 


3,376 


April 27, 1922 

3,790 

200 

3,260 

3,030 


3,415 


May 12, 1922 

3,833 

18 6 

3,274 

3,050 


3 435 


May 27, 1922 

3,790 

202 

3,286 

3>0o0 

8,299 

3,473 

3,675 

June IS, 1922 

3,770 

191 

3,306 

3,(60 


3,511 


June 28, 1922 

3,820 

22 5 

3,334 

3,050 


3,548 


July 11, 1922 

3,880 

21 7 

3,334 

3,030 


3,548 


July 19, 1922 

4,170 

27 0 

3,320 

3,050 


3,532 


July 26, 1922 

4,040 

211 

3,306 

3,050 


3,511 


Aug 20,1922 

3,790 

220 

3,100 

8,050 


3,147 


Oct 1, i922 

3,856 

22 8 

3,120 

3,050 

3,245 

3,184 

3,267 


* West, H P Olinical Studies on the Respiration VI A Comparison of Ysr'SH,® 
Standards lor the Normal Vital Capacity of the Lungs, Arch Int Med 25 306 (March) 

t Peabody, P W , and Wentworth J A Clinical Studies of the Respiration, IV lae 
Vital Capacity of the Lungs and Its Relation to Dyspnea, Arch Int Med 20 443 (sept ) 
1917 

t Dreyer, G , and Hanson, G P The Assessment of Physical Pitness, New Tori, Paul B 
Hoeber 1921, p 52 et seq 


The subject always exhibited a higher vital capacity than the stand- 
ard shown, even two months after delivery The latter fact eliminates 
pregnancy as the sole case for her hypernoimal vital capacity and is in 
accord with the observation that persons with athletic training may have 
exceptionally high vital capacity 

The vital capacity curve during pregnancy was most striking A 
slight but definite upward trend is apparent from the third to the 
eighth month, with a marked increase during the last month That this 
was not a practice effect is indicated by the fall to the earliest level on 
August 20, three weeks after delivery The reasons for this decided 
increase during the last month of pregnancy are not entirely clear We 


11 Gray and Root Boston M & S J 185 28, 1921 

12 Root and Miles J Metab Res 2 173, 1922 
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The clinical, pathologic and biochemical changes resulting from 
obstruction in the upper intestinal tract have been carefully studied by 
a number of investigators It is known that a marked or complete 
p} lone or duodenal obstruction results in severe toxemia or death The 
associated increased nerve irritability and the development of a syn- 
drome usually designated gastric tetany have long been recognized 
Experimental work along these lines has been concerned chiefly with 
the nature of the toxic agent, with the changes in blood chemistry, and 
with the mechanism involved m the production of gastric tetany The 
cause of death in this group of cases also has received much attention 
Various hypotheses have been advanced, based on experimental studies 
and on theoretic considerations, but we believe that the associated renal 
lesion has not yet received sufficient recogmtion or consideration 

Clinically it has been observed that the body reacts differently to 
intestinal obstruction, depending on certain factors, such as (1) the 
location of the obstruction, (2) the degree of the obstruction, (3) the 
acuteness of the process, and (4) individual susceptibility to the specific 
toxin involved as expressed clinically by increased nerve irritability, 
spasmophilia, vomiting, etc It is possible also that the kidney may 
vary in susceptibility to injury, particularly in the presence of an 
existing disease 

We are attempting to show here that serious renal injury exists in 
many cases of duodenal and pyloric obstruction, particularly in cases 
exhibiting evidence of tetany We are not attempting to controvert 
the importance of increased tissue catabolism in the production of a 
high level of blood urea, but wish to emphasize the importance of the 
renal lesion The toxic injury sustained by the kidney is of grave 
consequence and is characterized by ( 1 ) albuminuria and cylinduria , 
(2) marked functional impairment of the kidneys, associated with 
marked increase of total nonprotem nitrogen, of creatinin and of urea 


“•■From the Division of Medicine. Mayo Clinic 
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women with a corresponding gam in weight The gam in basal metabo- 
lism expressed as calories per kilogram from the fourth month of preg- 
nancy to the eleventh day before delivery was 7 6 per cent Following 
delivery, although the subject’s weight remained nearly stationary, the 
basal metabolism fell gradually to a point 9 6 per cent lower than the 
rate observed during the fourth month of pregnancy 

The high metabolic rate during the last month of pregnancy only 
partially reflects the much higher metabolic rate of the fetus per unit 
of weight since the maternal weight is made up in part of inactive tis- 
sues such as edema and the fluid contained m the amnion It appears 
fiom our computations that the metabolism of the fetus at term was 
approximately 37 calories per kilogram, whereas the basal metabolism 
of the mother was 23 5 calories per kilogram during the fourth month 
of pregnancy, and 22 1 calories per kilogram one month after deliveiy 

The vital capacity increased steadily from the fifth month onward 
with a marked rise m the last months of pregnancy 

CONCLUSIONS 

1 A marked increase in the basal metabolism both in total twenty- 
four hour calories and m the calories per unit of weight occurs dunng 
the later months of pregnancy 

2 The heat production per unit of weight falls gradually during the 
first three weeks after delivery to a level lower than that observed during 
the fourth month of pregnancy 

3 Standards of basal metabolism for use in practical obstetrics 
should be developed by the study of normal pregnant w'omen, and a 
comparison of the basal metabolism of pregnant women should not be 
made with standards of basal metabolism for nonpregnant women 
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that bacteria are essential for the production of the characteristic toxic 
substances The splitting up of proteins produces a substance which 
causes the chaiactenstic toxemia Recently, Gerard ® has suggested that 
histamm may be the toxic agent Abel and his collaborators are at 
present investigating histamm and histamm containing albummoses, 
and 111 all probability their work will shed some light on the nature 
of the toxic agent involved 

Werelius,® as the result of his work, questions the conclusions of 
Whipple and his associates and attempts to involve insufficiency of the 
liver as an etiologic factor m death following high intestinal obstruc- 
tion He questions whether the absorption of toxic products from the 
intestinal mucosa plays any part in causing death He emphasizes the 
piesence of white bile m the duodenum, of a lowered blood sugar level 
and an increased blood urea content as possible results of hepatic 
insufficiency ’’ Strangely, he failed to find an increase of carbon- 
dioxid carrying capacity of the blood 

The blood chemistry in high intestinal obstruction reveals much of 
interest Wilson, Stearns and Janney ® were the first to call attention to 
the presence of alkalosis in parathyropi ival tetany McCallum “ and 
his associates and McCann studied the relationship of tetany to 
pyloric closuie and found that the plasma chlorids dropped sharply in 
this condition, that the alkaline reserve was definitely increased, and 
that the electrical reactions were heightened The alveolar caibon 
dioxid was markedly inci eased, showing that there was no carbon 
dioxid retention in the blood Their animals developed twitchmgs, 
convulsions and coma prior to death It is difficult to determine 
whether the condition induced by these writers corresponds to that seen 
in this group of patients, owing to the lack of clinical details in their 
report They noted that with the constant loss of gastric juice and 
Its hydrochloric acid there ensues a decrease of the chlorids of 

5 Gerard, R W The Lethal Agent m Acute Intestinal Obstruction, J A 
M A 79 1581-1584 (Nov 4) 1922 

6 Werelius, A Is Death m High Intestinal Obstruction Due to Liver 
Insufficiency^ J A M A 79 535-539 (Aug 12) 1922 

7 In hepatic insufficiency the urea nitrogen constitutes, as a rule, a decreased, 
rather than an increased percentage of the total nonprotein nitrogen His 
explanation of the increased urea concentration does not seem convincing 

8 Wilson, D W , Stearns, T, and Janney, J H, Jr The Excretion of 
the Acids and Ammonia After Parathyroidectomy, J Bio Chem 23 123-137 
1915 

9 MacCallum, W G , Lintz, H , Vermilye, H N , Leggett, T H , and 
Boas. E The Effect of Pyloric Obstruction in Relation to Gastric Tetany, 
Bull Johns Hopkins Hosp 31 1-7, 1920 

10 McCann, W S A Study of the Carbon Dioxide Combining Power 
of the Blood Plasma in Experimental Tetany, J Biol Chem 35 553-563, 1918 
A note on the Use of Ammonium Chloride in Gastric Tetany, Proc Soc 
Exper Biol & Med 19 393-394, 1922 
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m the blood, and a definite decrease in phenolsulphonephthalem excre- 
tion, (3) a clinical syndrome due, in part at least, to renal insufficiency, 
and (4) a well-defined pathologic picture of toxic nephritis 

CLINICAL OBSERVATIONS AND EXPERIMENTAL DATA RELATIVE 
TO HIGH INTESTINAL OBSTRUCTION 

Intestinal obstruction is less serious and runs a more chronic course 
with symptoms less acute, the lower the obstruction The higher the 
block in the gastro-intestinal tract, the more fulminating are the symp- 
toms and the more serious is the prognosis 

Among the hypotheses advanced to explain the causes of the clinical 
manifestations and death in upper intestinal obstruction are (1) 
reflex nerve disturbance causing cardiac or vasomotor paralysis, (2) 
infection of the peritoneum and blood stream from increased permeabil- 
ity of the intestinal walls for bacteria, (3) failure for the opportunity 
for neutralization of toxins of the upper intestinal tract by substances 
in lower segments, and (4) the development of toxic substances in the 
proximal portion of the intestine and their systemic absorption The 
last hypothesis seems worthy of much consideration 

In 1909, Draper ^ defined an “oral, lethal line” in the duodenum 
between the ampulla and pylorus He says that ligation of the pylorus 
causes “physiological death” less often than lower occlusions Whipple, 
Stone and Bernheim,* in 1914, using closed duodenal loops in dogs, 
showed rather conclusively that a toxic substance is formed, which 
when injected into animals produces a picture identical with that obtain- 
ing in the obstructed animal As possible agents, they eliminated 
bile, gastric and pancreatic juice and certain toxic substances such as 
split-food products They claim that the toxic substance is either 
formed in the duodenal mucosa or is a product of bacterial autolysis, 
or both The removal of the duodenal mucosa prevents the forma- 
tion of this toxic substance Hartwell, Hoguet and Beekinan,® in 1914, 
working along similar lines, came to somewhat different conclusions 
and maintained that it is lack of water absorption or excessive loss 
of fluid, m conjunction with elaboration of a cellular poison from a 
gangrenous duodenal mucosa which accounts for the toxemia and death 
in high intestinal obstruction They emphasized the changes in the 
duodenal mucosa as of great importance Dragstedt ^ and others believe 

1 Draper, J W Intestinal Obstruction An Outline for Treatment Based 
upon the Cause of Death, Am J M Sc 137 725-739, 1909 

2 Whipple, G H , Stone, H B , and Bernheim, B M Intestinal Obstruc- 

tion III The Defensive Mechanism of the Immunized Animal Against Duo- 
denal Loop Poison, J Exper M 19 144-165, 1914 , 

3 Hartwell, J A , Hoguet, J P, and Beekman, F An Experimenta 
Study of Intestinal Obstruction. Arch. Int Med 13 701-736 (May) 1914 

4 Dragstedt, L R, and Dragstedt, C A Acute Dilatation of the 
Stomach, J A M A 79 612-615, 1922 
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and demonsti ated simdar increases after proteose injections Histo- 
logically they were unable to find renal lesions Subsequently, 
McQuarne and Whipple, in an experimental study of intestinal 
obstruction and proteose intoxication, proved conclusively that lenal 
function was definitely impaiied They found a decreased elimination 
of phenolsulphonephthalem and chlorids m the urine with increased 
concentration of urea in the blood, and pointed out the possible clinical 
importance of these observations 

Hardt and Rivei s have reported an interesting and important 
group of cases m which, during the course of alkaline treatment for 
ulcer, toxic symptoms developed Their cases exhibited albuminuria, 
cylindruria and a rise m the blood urea and in the alkaline reserve, 
there was also clinical evidence of renal insufficiency In the two cases 
coming to necropsy, an acute exacerbation of chronic nephritis was 
found 

Tisdall’s observations indicate that the sodium-calcium relation 
IS not disturbed in gastric tetany These findings we are able to 
substantiate 

Credit for recognizing the clinical importance of the renal factor in 
the toxemia and death following gastro-enterostomy belongs to Tucker, 
formerly of the Mayo Clinic, who reports eight cases from the Clinic 
in which uremia developed following gastro-enterostomy He believed 
uremia to be the probable cause of death In four of his cases, necropsy 
revealed the grafting of an acute process on a previously existing 
chronic nephritis It is significant that m not a single instance did he 
find any local, organic lesion m the wall of the intestine adequate to 
explain the toxemia and death From an experimental and clinical 
point of view, the following conclusions seem to be established 

1 Complete continued obstruction of the duodenum or upper 
jejunum causes a fatal toxemia 

2 The obstructed duodenal contents, when injected into animals, 
cause symptoms of intoxication similar to those obtaining in the 
obstructed animal 

3 Blood analysis shows (a) decreased plasma chlorids, (b) increased 
carbon dioxid combining power of the plasma, and (c) increased 
blood urea 

19 McQuarne, I, and Whipple, G H I Renal Function Influenced by 
Intestinal Obstruction, J Exper M 29 397-419, 1919 II Renal Function 
Influenced by Proteose Intoxication, J Expen M 29 421-444, 1919 

20 Hardt, L L, and Rivers, A B Toxic Manifestations Followmp: the 
Alkaline Treatment of Peptic Ulcer, Arch Int Med 31 171-180, 1923 

21 Tisdall, F F The Influence of the Sodium Ion in the Production of 
Tetany, T Biol Chem 54 35-41 1922 

22 Tucker, W J Uremia Following Gastro-Enterostomy, Eight Cases, 
Wisconsin M T 20 S28-S29 1922 
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the plasma and an increase of the alkaline reserve They obtained 
similar nerve reactions following the intiavenous administration of 
large quantities of carbonate or bicarbonate of soda, which indicates the 
importance of the disturbance of the acid-base equilibrium 

Hastings, Murray and Murray confiimed the changes in carbon- 
dioxid combining power and chlorids of plasma in experimental pyloric 
closure No significant changes were noted m the hydrogen-ion concen- 
tration of the serum, but sulphur and phosphorus were markedly 
increased Harrop and Healy described tetany in accidental 
sodium bicarbonate poisoning in cases without gastric lesions Tileston 
and Comfort^® have shown a marked increase of total nonprotein 
nitrogen and urea m the blood in cases of acute intestinal obstruction 
They weie not inclined to ascribe this to renal injury, blit rather to 
increased tissue destruction, for two reasons, first, the retention of 
nitrogen disappeared following operative relief of the obstruction, sec- 
ond, the retention was associated with mdicanuria They admit that 
decreased elimination of nitrogen and loss of fluid may play a part 

Louria and Rabinowitch have reported similar increases in the 
nonprotem nitrogen of the blood in postoperative ileus, general peri- 
tonitis and acute pancreatitis An analysis of these cases indicates that 
they differ from those included in our group They are not of the 
tetany type, but include many varied pictuies of the intra-abdominal 
infections Necropsy studies in the cases of Louria and Rabinowitch 
did not reveal renal lesions, at least not the renal lesions appearing m 
our cases 

Cooke, Rodenbaugh and Whipple verified in animal experiments 
the existence of an increased nonprotein nitrogen conteht in the blood, 


11 Hastinpfs, A B Murray, C D, and Murray, H A, Jr Certain 
Chemical Changes in the Blood After Pyloric Obstruction in Dogs, J Biol 
Chem 46 223-232, 1921 

12 Greenwald holds that in paralhyropnval tetany phosphoric acid is 
retained and that the condition is not one of alkalosis but of acidosis 

wald, I , and Lewman, Gertrude The Determination of the Titratable Alkali 
of the Blood, Jour Biol Chem 54 263-283, 1922 

13 Harrop, G A, Jr The Production of Tetanv by Intravenous Infusion 
of Sodium Bicarbonate, Bull Johns Hopkins Hosp 30 62-63, 1919 

14 Healy, W P Postoperative Tetany Due to Sodium Bicarbonate, Am 
J Obst & Gynec 2 164-170. 1921 

15 Tileston, W, and Comfort, C W, Jr The Total Nonprotein Nitrogen 
and the Urea of the Blood in Health and in Disease, as Estimated by Folms 
Method, Arch Int Med 14 620-649 (Nov ) 1914 

16 Louria, H W The Blood Urea Nitrogen m Acute Intestinal Obstruc- 
tion, Arch Int Med 27 620-628, 1921 . 

17 Rabinowitch, I M The Prognostic Value of the Study of the Bloot 
Chemistry m the Acute Abdomen, Canad M A J 11 163-166, 1921 

18 Cooke, J V , Rodenbaugh, F H , and Whipple, G H Intestma 
Obstruction VI A Study of Non-Coagulable Nitrogen of the Blood, J Evpef 
M 23 717-738, 1916 
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patient had vomited at least once in twenty-four hours, and food retention of 
twelve hours had been noted The weight loss of 25 pounds (1133 kg) had 
been progressive Blood had not been noted in the vomitus or stools 

On examination, the patient appeared to be extremely sick, he w'as emaciated, 
weak, and had a dry skin There was slight diffuse tenderness in the 
epigastrium In the right hypochondrium an indefinite, sausage-shaped mass 
■was palpable, movable and slightly tender The edge of the liver was felt 
The ophthalmoscopic examination was negative The systolic blood pressure 
was 98, the diastolic, 80 Two months before, the readings had been 125 
systolic and 75 diastolic The gastric contents revealed total acidity, 26, free 
hydrochloric acid, 14, food remnants, 1 and sarcines, 1 the total amount of 
contents recovered being 700 c c Roentgenologic examination revealed retention 
2 (on the basis of 1 to 4), but no lesion With the exception of an occasional 
hyaline cast, no abnormalities were found in the urine The blood contained 
hemoglobin, 76 per cent (Dare), erythrocytes, 4,720,000, and leukocytes, 7,200 
The blood urea was 124 mg, and creatinm 23 mg for each 100 cc The 
phenolsuphonephthalem (intravenously) excretion was 10 per cent 

A diagnosis w-as made of pyloric obstruction with chronic nephritis and 
marked renal insufficiency In view of the serious condition of the patient, 
operation was not deemed advisable at the time and medical management was 
instituted, consisting of glucose and alkalis by rectum, limited liquids by mouth 
and gastric la\age twice daily Alkalis were stopped when alkalosis was 
recognized On September 24, after a motor meal, no retention was demon- 
strated The condition of the patient remained constant until September 30, 
when he had a slight convulsion, characterized by generalized quivering His 
pulse w'as feeble and he seemed much weaker One-half hour later the 
patient vomited 600 c c of a thin, pea-soup fluid He complained of tingling 
sensations in the face and hands , later in the day, the vomiting became almost 
continuous His mental condition remained clear until October 2, when definite 
mental aberration was noted An exploratory operation w'as performed and 
a gastro-enterostomy in an attempt to relieve the obstruction A hard, firm 
mass W'as found 15 cm below' the pylorus involving the duodenum and the 
head of the pancreas The proximal portion of the duodenum was dilated as 
was the stomach Immediately following the operation the patient exhibited 
muscular tw'itchings , five cubic centimeters of 5 per cent calcium chlorid solu- 
tion were administered intravenously every six hours On the second day his 
condition remained about the same, but toward evening he became unconscious 
and died the next day 

At necropsy the pancreas was found to be normal in size, and its duct was 
patent throughout In the outer portion of the head, near the central portion 
of the duodenum, was a firm mass The first portion of the duodenum was 
greatly distended On opening it a hard, round, crater-like ulceration with 
thickened, indurated margins was found 1 cm below the pylorus and 3 cm 
above the ampulla of Vater This mass was intimately adherent to the pancreas 
and continuous with the small pancreatic mass previously mentioned The 
duodenal wall in this region was thickened and very firm in consistency An 
opening was found in the greater curvature of the stomach 5 cm proximal to 
the pylorus, which admitted three fingers and opened into the jejunum 5 cm 
from the duodenojejunal juncture There was no leakage at the suture line 
The right and left kidneys weighed, respectively, 180 and 215 gm The capsules 
stripped with ease and left a smooth, congested surface On section, the organs 
were moderately congested throughout, and the markings of the cortex and 
column of Bertini were indistinct The rays of the pyramids appeared as 
red lines and were fairly prominent Scattered over the cortex of both kidneys 
were numerous, pin-point, whitish nodules In the mucosa of the pelvis of the 
left kidney were a few tiny foci of hemorrhages There were no abnormalities 
noted in the remainder of the genito-urinary tract The heart weighed 350 gm 
The myocardium was soft and flabby and had a slight brownish tinge In the 
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4 There is no unanimity of opinion as to the nature of the toxic 
substances or as to the exact cause of death, but Whipple’s and Drag- 
stedt’s work ascribing the toxemia to the formation of substances of 
a proteose natuie produced in the duodenum is the most convincing 
evidence available, while Gerard’s suggestion that histamm is responsi- 
ble for the toxemia is worthy of consideration 

A Climcal Study of Duodenal Intoxication — This report is con- 
cerned with the clinical, pathologic and biochemical studies in a series 
of eleven cases of duodenal toxemia, the patients are classified in two 
groups 

Group 1 The preoperative group, in which the obstruction fol- 
lowed an organic lesion involving the duodenum, five cases Case 1, 
carcinoma of the middle portion of the duodenum. Case 2, duodenal 
ulcer with pyloric obstruction, Case 3, carpinoma of the stomach, 
involving the pylorus with obstruction , Case 4, cbronic duodenal ulcer 
with stenosis, and Case 5, carcinoma of the pancreas, obstructing the 
lower third of the duodenum 

Group 2 The postoperative group, in which organic duodenal 
obstruction or functional stasis followed operation, six cases, con- 
sidered in two groups (a) acute duodenal obstruction in which S 5 rap- 
toms appeared from five to eleven days following operation. Case 6, 
posterior gastro-enterostomy for duodenal ulcer followed in five days 
by obstructive toxemia No anatomic explanation was found in the 
duodenum to account for the toxemia , Case 7, posterior gastro- 
enterostomy foi saddle ulcei of the first and second portions of the 
duodenum (involving the pancreas), clinical evidences of obstruction 
appearing ten days later. Case 8, posterior gastro-enterostomy for 
duodenal ulcer 1 25 cm below the pylorus Mild obstiuctive symp- 
toms were noted five days later {b') Chronic duodenal obstruction 
in which symptoms appeared from six weeks to six months or more 
after operation on the stomach or duodenum Case 9, gastrojejunal 
ulcer SIX years after a posterior gasti o-entei ostomy , Case 10, gastro- 
enterostomy for duodenal ulcer, there were chronic obstructive symp- 
toms for five years, there was kinking of the jejunoduodenal juncture. 
Case 11, gastro-enterostomy for supposed duodenal ulcer, obstructive 
symptoms appeared six months later , there were adhesions and kinking 
of the proximal loop 

REPORT OF CASES 

In the following case reports the degree of retention obstruction, casts 
etc , is represented by a figure on the basis of grades 1 to 4 

Case 1 (A333574) — Mr W R T , aged 61, entered the Mayo Clinic on 
Sept 11, 1920, complaining of epigastric distress of six months’ duration 
having begun as a dull, aching pain The periods of remission from pam had 
not exceeded three days The pain was exaggerated two or three hours after 
eating and was not relieved by food or alkalis For the last two months the 
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coronary arteries, more especially in the left root of the aorta and the leaflet 
of the mitral valve, were numerous small patches of yellowish thickening 
The lungs revealed small areas of bronchopneumonia 

The histologic examination of the heart muscle revealed areas of marked 
fragmentation Sections of the lungs showed small areas of bronchopneumonia 
The glomeruli of the kidney were lobulated and decreased in size Small areas 
of lymphocytic infiltration were seen in the interstitial tissue The tubules 
revealed degeneration m certain areas There was slight increase m the 
interstitial tissue throughout the section {Fig 1) The muscular and sub- 
mucosal layer of the duodenum revealed infiltration by cells having a definite 
glandular arrangement The cells were epithelial-like and were divided into 
small islands by bands of fibrous tissue 

The case was one of primary carcinoma of the duodenum causing 
obstruction and chronic distention of the first portion of the duodenum 
and stomach There was marked evidence of renal insufficiency as 



Fig 1 (Case 1) — Section of kidney showing areas of tubular degeneration 
and calcareous deposits in the tubules (X 100) 

shown by the urine and in the increase of blood urea and creatinin 
and the low excretion of phenolsulphonephthalein The clinical picture 
was that of gastric tetany and uremia associated with a high grade 
alkalosis Muscular twitchings, vomiting, mental aberration and 
asthenia with associated blood findings constitute a syndrome that 
cannot be differentiated from that of uremia The necropsy findings of 
severe toxic nephritis bear out this assumption (Table 1) 

Case 2 (A297046) — Mr F W M , aged 52, came to the Chnic on Sept 
25, 1921, complaining of gastric distress of fifteen years’ duration with remis- 
sions for periods as long as three years The distress came on about two and 
one-half hours after meals, and was especially marked during the night Rebel 
was usually obtained by food and alkalis Three years earlier the condition 
■was diagnosed duodenal ulcer, and medical treatment was given Albumin was 
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by nausea For the last three months the condition had been much worse 
Only liquid foods had been eaten, but nausea and vomiting had occurred 
frequently 

Gastric analysis revealed total acidity 34 with free hydrochloric acid 16, 
a total of 1,024 c c of gastric contents were recovered Roentgenograms of 
the stomach revealed dilatation 3, with a lesion at the outlet The systolic blood 
pressure was 130, and the diastolic 98 The specific gravity of the urine was 
1 026, albumin 1, and the sediment was negative The blood contained hemo- 
globin, 68 per cent (Dare) , erythrocytes 4,270,000 and leukocytes 4,600 

The patient was sent to the hospital for preoperative treatment With 
daily gastric lavage, amounts were recovered varying from 500 to 1,500 c c oi 
thin, greenish fluid Liquids were forced and glucose given by rectum, the 
patient was kept on a liquid diet Two attacks of tetany occurred while the 
patient was under medical care, the second consisting of a tetanic type of con- 
vulsion, lasting thirty minutes and followed by marked prostration The 
patient’s general condition was not good The fourth day after his admission 
to the hospital the blood urea was 80 mg , the carbon dioxid 105 volumes per 
cent On August 13, five days after admission, a posterior gastro-enterostomy 
was performed A tumor of the pylorus, which seemed to be causing almost 
complete obstruction, was found It was impossible to determine whether or 
not the tumor was malignant, but it seemed to be a polyp The operation was 
regarded as an emergency procedure because of the gastric tetany and renal 
insufficiency Following the operation the patient became excitable and mildly 
delirious His respiration was increased to 36 Fluids were given sub- 
cutaneously and by proctoclysis Nothing important was discovered on physical 
examination The same evening gastric lavage produced 240 c c of dark fluid, 
after which the patient felt fairly well August 17, the specific gravity of the 
urine was 1021, it contained albumin 2, hyaline casts 1 The blood urea was 
88 mg for each 100 c c , the blood creatinin, 2 4 mg Convalescence was 
uneventful A second operation was performed on September 5, when a 
carcinoma of the posterior wall of the stomach just above the pylorus was 
removed with about one-third of the stomach This growth had a crater, but 
was not adherent posteriorly to the pancreas The pathologists reported 
carcinoma without glandular involvement The patient was dismissed from 
observation eighteen days after operation, at which time the values for blood 
nitrogen were normal, but a constant trace of albumin was still found in 
the urine 

This patient presented a long-standing history of epigastric distress 
of an obstructive nature, which was not typical of duodenal ulcer 
For the last three months, retention features had been present, which 
were verified by clinical and laboratory examinations While under 
medical management gastric tetany with renal insufficiency became evi- 
dent Diagnosis of toxic nephritis was made and surgical relief was 
given by removal of neoplasm of the duodenum before the condition 
had progressed to the fatal stage 

Case 4 (A317395) — Mr O P , aged 27, came to the Clinic on May 27. 
1920, complaining of having had pain m the stomach, attacks of abdominal 
pain, nausea, vomiting, dizziness, constipation and occasional severe attacks of 
jaundice for eight years Tarry stools and hematemesis had also been noted 
The attacks recurred every five to eight months The pain reached its maximum 
three hours after eating and after midnight It was not relieved by food or 
soda, but usually by vomiting The patient had lost 20 pounds (907 kg) in 
weight, was easily exhausted and had syncopal attacks He had not had 
special nervous symptoms, with the exception of insomnia 
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found m the urine, but tliere was no other evidence of renal insufficiency For 
one year there was freedom from gastric sjTnptoms The present attack had 
begun ten days before admission Relief from pain had been obtained.by an 
exclusive milk diet and large doses of alkalis Three days later he had begun 
to vomit and this continued The patient said that everything he ate “seemed 
to back up” on him 

In the course of the routine laboratory examination, a blood urea of 222 mg 
for each 100 c c ivas found The systolic blood pressure was 124 and the 
diastolic 9S A trace of albumin, hyaline and granular casts and occasional 
erythrocytes were fomid m the urine Mild but distinct mental symptoms 
existed as evidenced by irritability and slight drowsiness Because of the renal 
insufficiency, the patient wms hospitalized for medical treatment preparatory 
to operation for duodenal ulcer The treatment consisted of 1 liter of 5 per 
cent glucose solution by rectum, 1 liter of milk by mouth and high carbo- 
hydrate and low protein diet Dilute hydrochloric acid and calcium cldorid 
were given by mouth No obstruction w'as demonstrable by barium or twelve- 
hour motor meals Under this regimen, the patient improved rapidly (Table 2) 
No alkalis were administered Following the improvement in the renal condi- 
tion, the patient was allowed to return home for ten days before the anticipated 
operation 

The operation w'as performed on November 11, bj'^ W J Majo An ulcer 
covering three-fourths of the circumference of the duodenum was found extend- 
ing up to and involving the pylorus Obstruction 3 (on the basis of 1 to 4) 
was found The tip of the finger could not be introduced into the pyloric canal 
The appendix ivas removed The gallbladder was adherent, but was not 
removed The patient’s convalescence was uneventful and renal functional 
studies show'ed a marked improvement An examination was made eight months 
later, and slight impairment of renal function was still found The phenol- 
sulphonephthalem excretion in two hours was 40 per cent and the blood urea 
46 mg for each 100 c c The sj-^stolic blood pressure was 155 and the diastolic 
90 The urine contained albumin 2 and hyaline and granular casts 1 The 
patient’s general physical condition was excellent 

A man, aged 52 years, with a long-standing history of duodenal 
ulcer, during an active stage of the ulcer, developed evidences of 
uremia This was shown both in clinical and laboratory examinations 
A definite alkalosis was present which may stand in causal relation- 
ship to excessive use of alkalis The plasma chlonds were moderately 
reduced No evidence of tetany was present The impoitant part 
played by the kidney in the clinical picture is demonstrated by markedly 
low excretion of phenolsulphonephthalein with a high urea and creatinin 
level in the blood, and evidence of renal irritation in the urine The 
absence of elevated blood pressure allows us to classify this renal 
injury as a nephrosis Operation resulted in a clinical cure with the 
disappearance of all symptoms and marked improvement m renal 
function 

Case 3 (A367847) — Mr H L , aged 54, came to the Clinic on Aug 
1921, because of stomach trouble of twenty years’ duration, characterized by 
considerable nervous indigestion, with occasional vomiting of food at mgn 
Five years before, the patient had had a gastric hemorrhage and me’ena 
Following medical treatment he was in good health for two years For t e 
last two years he had been constipated, his abdomen was bloated ^ 

frequently vomited food eaten the day before Vomiting was always precede 
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Examination was practically negative except for distant heart sounds and 
definitely infected tonsils The systolic blood pressure was 100 and the diastolic, 
90 The urine was negative The blood contained hemoglobin, 68 per cent 
(Dare) , erythroc 3 'tes, 4,050,000, leukocytes, 6,200 The gastric analysis 
revealed total acidity 80 and free hydrochloric acid 60, the total of gastric 
content recovered was 3 615 c c Roentgenograms of the stomach revealed a 
perforating duodenal ulcer, with retention 3 The clinical diagnosis was 
chronic perforating duodenal ulcer with history of obstruction 

The patient’s condition was considered grave, and he w^s referred to the 
hospital for preoperative medical treatment Daily gastric lavage, fluids by 
rectum, liquid diet, and proctoclj'sis of sodium chlorid solution were given 
Each lavage was followed by immediate relief, the amounts recovered averaged 
300 to 1,000 c c , and the fluid was of a thin, serous type On the third day, 
the patient complained of numbness of the fingers and difficulty in speaking 
The systolic blood pressure was 110 and the diastolic 80 Neurologic exairina- 
tion revealed positive Chvostek and Trousseau signs A diagnosis of gastric 
tetany was made Aphonia followed the passing of the stomach tube Calcium 
chlorid was given intravenously 

Operation was performed on Tune 8 The first part of the duodenum was 
found to be definitely contracted The stomach was dilated, 4 A posterior 
gastro-enterostomy was performed The patient became delirious and required 
morphin However, he soon improved, and his temperature and pulse were 
normal for several daj'^s Sodium chlorid bj' proctocly^sis was given, with small 
amounts of water by mouth One thousand and fifty cubic centimeters of 
urine were passed during tlie second twenty-four hours The patient vomited 
occasionaTly, was very restless and at times irrational His condition remained 
fairly satisfactory until the seventh day after the operation, then pain developed 
in the abdomen and the temperature and pulse rate increased, with othei 
evidences of peritonitis He died the ninth day after the operation 

Necropsy revealed genepl serofibrinous purulent peritonitis, an old healed 
duodenal ulcer with stenosis of the pylorous, double empyema with terminal 
bronchopneumonia, acute diffuse nephritis and acute hypoplasia of the lymphoid 
tissues of the body 

Histologic examination of the kidneys revealed increased interstitial con- 
nective tissue, lymphocytic infiltration in the stroma of the cortex and medulla 
and numerous foci of calcium salts with mulberry-like form The crj'stals filled 
more particularly the collecting tubules 

This patient, with a typical history and clinical findings of duodenal 
ulcer with obstruction, following the institution of medical treatment, 
developed symptoms of duodenal intoxication with gastric tetany At 
operation stenosis of the duodenum was found, and gastro-enterostomy 
was performed for relief Death from general peritonitis and double 
empyema occurred in seven days Necropsy revealed acute diffuse 
nephritis This case was one of the earliest in the series, and blood 
chemistry and renal function studies were not made 

Case 5 (A413425) — Mr J C C , aged 38 came to the Clinic on Dec 25, 
1922, because of gastric trouble of nine months’ duration He had been 
jaundiced about seven months before, but did not have pain A cholecystostomy 
'had been performed, and the symptoms were relieved In October, a second 
operation had been performed to close the biliary fistula and to explore the 
stomach because of obstructive symptoms A large mass was found involving 
the pancreas, which was diagnosed malignant In order to relieve the 
common-duct obstruction, a tube was placed with one end in the gallbladder, 
the other end in the jejunum and united extra-abdominally, and a gastro 
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a total acidity of 36 and a free aeidity of 17 In tliirty-siv hours, the patient 
became drowsy and shortly afterward had a eonvulsion which was charac- 
terised by clenching of the hands, twitching of the facial muscles and clonic 
contractions of the whole musculature This was followed by coma The pulse 
was very weak, respirations were shallow, but the color remained good Three 
more attacks occurred during the next twenty-four hours (Fig 2) One 
thousand cubic centimeters of sodium chlorid solution were given subcutaneously 
and SOO c c of glucose solution by rectum, tins did not control the convulsion 
Eight hundred cubic centimeters of Ringer’s solution containing an additional 
gram of calcium chlorid were given intravenously followed by a solution of 
sodium chlorid and glucose by rectum In eight hours there was definite 
improvement, the patient was more rational and he had no more convulsions, 


Tabic 4 — Nthogen Parhhon of Blood m Ca<:e 5* 


Date 1 

'12l2'7jQ2. Total nonprote/n nitrogen 
Urea nitrogen 
Creatlnin nitrogen 
Uric acid nitrogen 
Amino nitrogen 
Rest nitrogen 


Mg for Each 
100 Oc 


Percentage of 
Nonprotein Nitrogen 


75 0 
40 0 
0 80 
2 40 
7 20 
15 25 


700 0 
GOO 
1 0 
S3 
00 
205 


Nitrogen Partition of Urino 

■ - ■ , . JL 


Gm 

12,127 Total nitrogen loO 

Drea nitrogen 12 BO 

Creatlnin nitrogen 0 50 

Uric acid nitrogen 0 33 

Ammonia nitrogen 0 585 

Amino nitrogen 0 105 

Rest nitrogen 2 0 


Percentage 
lOOO 
78 0 
SI 
20 
30 
1 0 
12 5 


* TJio nitrogen partitions In this case were made by Dr C II Green 


Table S — Ilydicmta and Blood Volume Studies (Case 5) 


Date 

12/31/22 

1/10/23 

Water content of iiholc blood, percentage 

82 5 

83 2 

Water plasma, percentage 

Hematocrit values— Erythrocytes, percentage 

ei 8 

012 

800 

84 0 

Plasma, percentage 

70 0 

00 0 

Total plasma volume, c c 

2002 

2857 

Plasma, c c for each kilogram 

51 

57 

Total blood volume, c c 

4231 

4328 

Blood, c e for each kilogram 

78 

80 

Haldane Palmer hemoglobin, percentage 

000 

800 


although he was restless and talked irrationally at times He continued to 
improve, and 20 gm of sodium chlorid and 600 c c of water were passed daily 
through the tube into the duodenum, with feedings of lactose, glucose and 
peptonircd milk His condition continued to improve There was a decrease 
of blood urea and increasing phcnolsulphonephthalem excretion Obstructive 
symptoms were constant and larger amounts were recovered than given On 
January 12, an exploratory operation was performed General carcinomatosis 
was found, which involved the liver, pancreas and peritoneum In the stomach 
and jejunum was a large mass of carcinomatous tissue The patient died from 
exhaustion the third day after operation (Tables 3, 4 and 5) 

Necropsy revealed carcinoma of the pancreas with peritoneal carcinomatosis 
and metastasis to the liver, obstruction of papilla of Vater and duodenal lumen 
with dilatation of the common duct, ancient gastro-enterostomy, recent enter- 
ostomy, ancient cholecystostomy, hypostatic edema and congestion of the lungs 
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enterostomy was performed The patient did very well following the operation 
up to two weeks before coming to the Clinic, when he began to develop definite 
symptoms of pyloric obstruction 

Examination revealed emaciation and evidence of dehydration There was 
no jaundice A rubber tube about IS cm m length lay across the abdomen, 
one end apparently passing into the gallbladder and the other into the duo- 
denum, bile was passing through the tube freely A large mass could be 

•h 



Fig 2 (Case 5) — Chart showing blood chemistry and renal function m 
duodenal toxemia 


palpated m the upper right quadrant which was apparently the liver or pancreas 
The superficial abdominal veins were prominent The urine was acid, 
tamed albumin 2 and a few pus cells There were 15,000 leukocytes, 4,720 W 
erythrocytes and 90 per cent hemoglobin (Haldane-Palmer) The carbon- 
dioxid combining power of the blood was 101 

The patient was hospitalized for treatment on December 26 The hrs 
twenty-four hours he vomited about 800 c c, of a watery, faint yellow fluid, wi 
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On February 28, the patient vomited 350 cc of greenish fluid and later with 
gastric lavage 800 c c of fluid were recovered, after which the patient made fair 
progress for four days On March 3, the patient complained of epigastric 
distress and lavage recovered a large amount of thin, greenish fluid The 
patient seemed definitely weaker, somewhat dull mentally, and the pulse and 
respiration were slow Trousseau and Chvostek reactions were not obtained 


Table 6 — Fmdtngs in Case 6 


Blood Chemistry 


3/2/22 Urea, mg for each lOO cc 

192 

Carbon diovid, volumes percentage 

84 

Plasma chlorids, mg for each 100 c c 

320 

Creatinln, mg for each 100 c c 

87 

Total nonprotein nitrogen, mg 

147 

Sodium, mg for each ICO c c 

412 

Potassium, mg for each 100 e c 

Hydremia Studies 

, « 

20 6 


Whole blood viscosity 

72 

Specific gravity, whole blood 

1070 

Palmer Haldane hemoglobin, percentage 

116 

Water content of whole blood, percentage 

78 3 

Specific gravity of the plasma 

1 035 

Water plasma, percentage 

928 

Hematocrit values — Erytlirocytes, percentage 

46 2 

Plasma, percentage 

538 

Total nitrogen, mg 

0 909 


Nitrogen Content in Gastric Secretion, 

Mg for Each lOO C c 

_ . . . A. _ 

Ammonia Combined Urea and Urea Estimated* 
Reaction Nitrogen Ammonia Nitrogen Nitrogen Urea 

3/2/22 Markedly 90 90 0 192 6 

alkaline 


* Obtained by assuming the tree ammonia to be derived in toto from urea There 
fore the combined urea and ammonia nitrogen is the correct index for estimating the urea, 
not the urea nitrogen alone 


Table 7 — Chemical Data of Postmoitem Fluids and Tissues (Case 6) 


Fluids 

f ---- ■■ — — ■ -* — \ 

Blood urea, mg for each 100 c c 143* 

Blood plasma chlorids, mg for eacli lOO c c 253 

Spinal fluid urea mg for each 100 c c 296 



Tissue, Mg 

for Each lOO C c 



f 

Ammonia 

Combined Urea and 

Urea 

Estimated 


Nitrogen 

Ammonia Nitrogen 

Nitrogen 

Urea 

Kidney 

29 8 

134 5 

104 0 

387 0 

Stomach 

75 0 

268 9 

194 0 

575 0 

Liver 

24 3 

188 0 

163 7 

402 3 


Estimation of Chlorids 

A 


■ S 


f 

Wet Weight, 
Gm 

Dry Weight, 

Gm 

Water, 

Gm 

Sodium Ohlorid, Mg for 
Each loo Gm Fresh Tissue 

Kidney 

6 

0 775 

4 225 

400 

Stomach 

5 

0 850 

4 150 

200 

Liver 

5 

1 352 

3 618 

400 


* Probably low 

At times the hands assumed the position characteristic of tetany The systolic 
blood pressure was 80 and the diastolic 55 The extremities were cold, and 
there was some cyanosis of the hands, with a florid red color of the cheeks and 
ears . the skin was dry, and the features were sunken The temperature and 
pulse were normal At 11 a m, the patient developed symptoms of tetany, 
slight tonic convulsions, typical position of the hands and partial unconscious- 
ness He died in complete coma the following morning (Tables 6 and 7) 
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and acute diffuse nephritis The left kidney weighed 180 gm and the right 
205 gm , the right was extremely congested and edematous, the cortex was 
thickened, the markings were indistinct, the left kidney did not present gross 
abnormalities 


This patient”^ had caicinoma of the pancreas obstructing the lower 
third of the duodenum Obstructive symptoms were present for three 
months The fiist examination revealed the usual chemical and 
clinical evidence of duodenal toxemia with gastric tetany Renal 
insufficiency was demonstrated by albuminuria, azotemia and diminished 
phenolsulphonephthalein exci etion The total nitrogen excretion in the 
urine revealed a normal amount for the twenty-four hours The 
excretion of this quantity of nitrogen on a low protein diet and in the 
presence of a definite renal injury would seem to indicate an abnormally 
high degree of protein destruction No leucin or ty rosin crystals were 
found No evidence of sodium poisoning was obtained as normal 
values were found m the blood No significant change was noted in 
the hydrogen-ion concentration of the blood The shock features were 
not pronounced The total blood and plasma volumes were within 
normal limits Following treatment the total blood volume was not defi- 
nitely increased It is interesting to note the improvement in renal func- 
tion, following the control of the toxemia by treatment Necropsy 
revealed malignant obstruction of the duodenum and acute diffuse 
nephritis 


Case 6 (A.3S380S) — Mr A F H, aged 32, came to the Clinic on Feb 10, 
1922, because of epigastric distress of twelve years’ duration An appendectomy 
had been performed one year before, without relief The patient had had periods 
of distress once or twice yearly, which continued for from two to four months 
The pain usually reached its height about tivo hours after eating Relief was 
obtained by food and soda, and partial relief by a diet of milk and cereal 
Occasionally he vomited food eaten twelve hours before 

The patient was well developed, of good color, and weighed ISO pounds 
(68 kg ) The systolic blood pressure was 120 and the diastolic 70 The blood 
contained' hemoglobin (Dare), 79 per cent, erythrocytes, 4,800,000, and 
leukocytes, 4,460 Urinalysis was negative Gastric analysis showed a total 
acidity of 70 and free hydrochloric acid of 50 , a total of 170 c c of gastric 
content was recovered The blood urea amounted to 33 mg for each 100 cc 
The roentgenologist reported "duodenal ulcer without obstruction" The diag- 
nosis of duodenal ulcer was clear cut, and surgical treatment was advised 
Operation was performed on February 20 An ulcer with a large amount 
of induration, due to inflammatory reaction, was found below the pylorous 
There was obstruction, and the stomach was dilated 2. A posterior 
enterostomy was performed The convalescence was uneventful until the fifth 
day, when the patient complained of a sensation of fulness in the abdomen with 
distress and discomfort Relief followed the vomiting of 300 c c of bile-stainea 
fluid On February 26, by gastric lavage, 500 cc of dark green fluid were 
recovered On February 27, lavage was attempted, but no fluid was recovered 
Six hours later 800 cc of fluid were recovered and four hours later 600 cc 


23 Dr C F Dixon will make a separate report of this case showing the 
effects of different forms of treatment on the carbon-dioxid combining capacity 
of the blood and chlorid content of the plasma 
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gastric lavage, 10 c c of dilute hydrochloric acid by rectum twice dail}, calcium 
chlorid 10 c c of 10 per cent solution twice daily, and fluids by rectum, 
5 per cent glucose solution, were given The condition continued to grow 
worse, and the patient died thirteen days after the onset of the obstructive 
symptoms (Table 8) 

Necropsy revealed perforating chronic duodenal ulcer, posterior gastro- 
enterostomj’- and gastrostomy, acute toxic nephritis, terminal edema of the 
lungs with bronchopneumonia, arteriosclerosis and congestion of the brain 
The short-loop gastro-enterostomy did not reveal leakage The stoma admitted 
two fingers The stomach was dilated, 2 In the posterior portion of the 
duodenum 5 cm below the pylorus, there was a small, partially healed ulcer, 
moderatelj' indurated and firmly adherent to the pancreas, measuring 1 by 
0 8 cm The suprarenals and pancreas were normal, grossly The kidneys 
weighed 175 gm each, the capsules stripped easily, the cortex was thickened 
and regular, the striae were indistinct 


Table 8 — Chemical Studies of the Blood, Gastric Contents, Urine and 

Spinal Fluid in Case 7 




Blood 



Gastnc 








' 

Great- Carbon 


S 

Potas- 


, Urine 


Urea, 

mm, Chlorids, Diovid, 

Sodium, 

Slum, 

Sodium, Potassium, Ohlonds, 


Mg for 

Mg for Mg for Volume 

Mg for 

Mg for 

Mg for 

Mg for Gm for 


Laeh 

Each Each Per- 

Each 

Each 

Each 

Eiach Each 

Date 

lOOCc. 

100 C c 100 C c centage 

100 Co 

lOOOc 

100 Oc 

100 0 c Liter 

2/17/22 

117 

353 118 


18 46 

413 

24 0 4* 

2/20/23 

235 

445 125 

306 

15 9 


0 3* 

2/22/22 

Gastrostomy 





2/24/22 

192 

6 653 94 

351 

14 9 


02 





15 19 



2/24/22 

Palmer hemoglobin 119 





2/27/22 

Spinal fluid after death shOTved sodium, 405 mg for each 100 c c and potassium 12 


mg 

for each ICO c c 





* Aeid 








Table 9 — Chloiids 

in Necropsy Tissues 




Wet 

Dry 


Water 

Ohlonds Wet, 



Weight, 

Weight, 

Extract, 

Mg for Each lOOGm 


Tissue 

Gm 

Gm 


Gm 

Presh Tissue 

Rectus muscle 

5 

13 


37 

170 

Liver 


5 

125 


3 75 

256 

Kidney 


5 




294 

Brain 


5 

113 


387 

ISO 

Lung 


5 

0 92 


408 

320 

Heart 


6 

2 25 


2 76 



There was an occasional sclerosed glomerulus in the kidneys, with atrophy 
of corresponding tubules and lymphocytic infiltration Some of the remaining 
glomeruli were lobulated, and slight interstitial fibrosis was present The 
tubules showed acute changes The tubular epithelium was swollen, granular 
and extensively disintegrated The nuclei were pyknotic or had disappeared 
In many tubules the epithelium had disintegrated entirely Many of the 
necrotic cells showed extensive deposits of calcium salts The lumen of the 
tubule contained disintegrated cells, coagulated fluid and many casts The 
condition was diagnosed as acute toxic nephritis by Dr Robertson (Fig 3) 
There was adipose replacement of the parathyroids (Table 9) 

This patient had a typical histoi^'- and roentgenologic findings of 
duodenal ulcer without obstruction The operation revealed a large, 
adherent duodenal ulcer A gastro-enterostomy was performed Ten 
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Necropsy revealed diverticulum of the duodenum, possibly the result of an 
ulcer, marked dilatation of the stomach, toxic nephritis with terminal broncho- 
pneumonia, and arteriosclerosis, 1 The right kidney weighed 135 gm and 
the left 130 gm The capsules stripped readily, leaving a smooth surface The 
cortices and medulla were clearly demarcated, and the cortical markings were 
fairly regular and distinct There was slight bulging of the columns of Bertini 
The stomach contained about 1,000 c c of sour, milky fluid Grossly, the mucosa 
was normal About 3 cm beyond the pylorus on the posterior superior surface 
was an outpouching of the duodenum about 3 cm in diameter and 3 cm deep 
The remainder of the duodenum and its contents were intact The upper 25 
cm of the ]e]unum was injected 

Histologic examination revealed many small areas of bronchopneumonia 
Lymph nodules were fairly prominent and relatively numerous in the spleen 
Marked calcium deposit was present in the cortex of the kidneys, and brownish 
pigment in the cells of the collecting tubules, the tubules contained many casts 
in the lumina The blood vessels were congested Granular changes were 
noted in the tubular epithelium. Sudan III sections demonstrated that the 
epithelium of the convoluted and collecting tubules contained a large amount 
of fat 

On this patient, who had a well defined clinical history of duodenal 
ulcer, a posterior gastro-enterostomy was performed Five days later, 
he developed intermittent obstructive symptoms Gastric tetany devel- 
oped, with symptoms of duodenal intoxication, ending m death The 
chemical studies of the blood revealed the characteristic changes, that 
is, lowering of plasma chlorids and increases of the level of the non- 
protein nitrogen ,urea, creatinm and increased carbon dioxid carrying 
capacity, also evidence of blood concentration 

Case 7 (A382714) — Mr ALB, aged 41, came to the Clinic because of 
epigastric 'pain of twenty years’ duration, occurring two to three hours after 
meals, and relieved by food and alkali The attacks recurred once or twice 
annually and lasted three or four months A remission lasting three years 
occurred in one instance A history of obstruction could not be elicited 

The hemoglobin was 75 per cent (Dare) , the systolic blood pressure was 
110 and the diastolic 70 The gastric contents showed a total acidity of 32 
and free hydrochloric acid 22 Roentgenograms revealed a duodenal ulcer 
without obstruction 

Surgical interference was advised on account of the chronicity of the lesion 
and operation performed A saddle ulcer, involving the upper margin of the 
duodenum and adherent to the pancreas, was found A posterior gastro- 
enterostomy was performed The postoperative convalescence was uneventful, 
and the patient was dismissed on the ninth day to the convalescence hospital On 
the tenth day, he complained of epigastric distress He vomited 240 c c of 
greenish fluid and was relieved The stomach tube was passed daily and vary- 
ing amounts of thin, greenish, fluid were recovered On March 16, tonic con- 
tractions of the arms were present The patient complained of severe pains 
in the arms and in the epigastrium Two days later he became weaker and 
frequently vomited large amounts of the green, thin fluid The hands assumed 
the position characteristic of tetany, and there was one generalized convulsion 
The face, ears and hands were florid red The vomiting continued, and there 
was marked puckering of the mouth The patient was very restless , his extrem- 
ities moved continuously The following day the condition remained the same, 
with S 3 Tnptoms of tetany becoming more marked An abdominal exploration was 
performed under local anesthesia, but obstruction was not found Gastrostomj 
was then performed From the onset, medical treatment including frequent 
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with relief of the distention distress The patient continued m fairl}-^ good 
condition until the fifteenth day, -when he was sewed with a knife-like pain 
in the left axillary region which was aggravated by breathing, “catching his 
breath ” Examination of the chest was negative The temperatui e and pulse 
were noiinal The leukocyte count w^as 9,100 On February 19, a similar 
attack of pain occurred, which was referred more to the epigastiic region 
The pulse late was 120, and slight cyanosis was noted on the lips and tongue 
Tw'o thousand, five hundied cubic centimeters of gastric content w'ere w'lth- 
drawm, with relief from the pain On February 20, 900 c c of fluid w^ere 
wnthdrawm by gastric lavage The respiration was 24, the pulse 88 The hemo- 
globin content wms 80 pei cent (Daic) , erythrocytes, 4,970,000 Chvostek and 
Trousseau signs were negative On February 21, the patient w'as in fair con- 
dition , respiration was 30, there was slight hyperpnea , the face, ears and hands 
were strikingly florid Lavage was continued every four hours Dilute hydro- 
chloric acid W'as given bj' mouth, 30 minims every four hours, and calcium 
chlorid was administered by rectum, 10 c c of a 10 per cent solution twnce 
daily The urine showed a moderate trace of albumin hyaline casts and 
erythrocytes The patient’s condition continued to improve, and no further 
retention was demonstrated by means of the gastric tube fTable 10) 

Table 10 — Chcmtcal Studies (Case S) 


Blood Gastric Contents Urine 


r * \ /■ 
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100 C c 
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Intermittent Obstruction ns Shown bv Amounts of Gastric Contents m 
Vomitus and Lavage 


February 11 
240 C c 
600 Oc 


February 14 
1,700 C c 
150 Oc 


February 19 
1,600 Cc 


February 20 
180 0 c 
2,600 Oc 
300 Oc 


February 24 
100 Oc 
OCO Oc 


Total S^IO O c 


1,850 Oc 


1,600 Cc 2,980 Oc 


1,000 Oc 


This patient had duodenal ulcei without obstiuction Five days 
following gastro-enterostomy he developed signs of intei mittent obstruc- 
tion Eaily signs of gastiic tetany were piesent Theie was a definite 
inciease of caibon-dioxid combining power of the blood and a moderate 
deciease of plasma chloiids The condition was relieved befoie seveie 
renal injury lesulted No uiea letention was present The urine 
showed evidence of renal irritation Unfortunately no estimation of 
the phenolsulphonephthalein excietion was made 

Case 9 (A91674) —Mr T D , aged 28, came to the Clinic on Sept 9 
1913, complaining of atypical symptoms of gastric ulcer, consisting of occasional 
vomiting of sour, thick material, bloating and continual epigastric distress 
There was no definite food relief, but the pain w'as most severe from tw'o to 
three hours after meals He had had one attack of hematemesis A roentgen- 
ray examination revealed obstruction of the pylorus and ulcer of the duodenum 
Examination of the urine was negative The gastric contents after a test 
meal revealed a total acidity of 70 and free hydrochloric acid, 66 
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days aftei operation, signs of duodenal obstiuction with symptoms of 
gastric tetany developed Exploiation of the abdomen did not reveal 
the cause for the symptoms The laboratory examinations gave evi- 
dence of marked renal insufficiency The blood and urine chlorids 
were low, but following a relief drainage operation on the stomach 
the plasma chlorids returned to normal An alkalosis was present 
Normal values were obtained for sodium and potassium The necropsy 
tissues showed chlorid depletion The death in tins case we believe 
can be explained on the basis of renal insufficiency, the duodenal stasis 
providing the toxic agent responsible for the injury Necropsy demon- 
strated the existence of a severe toxic nephritis 

Case 8 (A108879) — Mr A P , aged 33, came to the Clinic on Ma> 27 
1920 complaining of having had gastric distress with marked periodicity for 



Fig 3 (Case 7) — Section of kidney showing areas of tubular degenera- 
tion and calcareous deposits in the tubules (X 100) 


ten years The clinical history was typical of duodenal ulcer, with pain coming 
on about two hours after eating, worse at night and relieved by alkalis and 
food, He had been examined in the Clinic in 1914, and a diagnosis of duodenal 
ulcer made, but operation was refused The patient was again admitted to 
the Clinic on Jan 28, 1922 

Examination of the urine was negative The blood contained 73 per cent 
(Dare) of hemoglobin and 4,150,000 erythrocytes Gastric analysis revealed a 
total acidity of 32 and free hydrochloric, acid, 20 , the total amount recovered 
was 175 c c The S 3 ^stolic blood pressure was 130 and the diastolic 80 Roent- 
genograms revealed duodenal ulcer without retention 

Operation was performed on Feb 3 1922 A duodenal ulcer 2 cm m 
diameter was found within 1 cm below the pyloric ring, but without obstruc- 
tion A posterior gastro-enterostomy was performed The patient did verj 
well until the fifth day when he vomited 140 cc of bile-stained fluid The 
tube recovered 600 c c of thin, greenish fluid The temperature and pulse were 
normal On the eighth day , 1,700 c c of thin, greenish fluid were vomited 
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A gasti o-enlerostomy was peifoiined for duodenal ulcei Pro- 
giessive gasti 1C symptoms with evidence of inteimittent pyloric obstiiic- 
tion developed Six yeais later a second opeiation levealed a 
gastrojejiinal ulcei which was excised Obstiuctive symptoms with 
gasti 1C tetany developed aftei opeiation with clinical and laboratory 
signs of lenal injury The patient recoveied Subsequent repoits have 
shown complete subsidence of renal damage 

Case 10 (A369991) — Mr T R, aged 45, came to the Clinic on Aiig 26, 
1921, because of “rheumatic pains” in the legs A gastro-enterostomy had been 
performed elsewhere five years before, because of vague epigastric distress 
Since then the patient had had intermittent epigastric distress, with vomiting 
and upper abdominal distention For the last five months he had noted numb- 
ness, aching and cold sensations in the feet, and slight tingling in the fingers 
He had lost 15 pounds (6 8 kg ) in weight 

The fractional gasti ic analysis showed achlorhydria, the total amount recov- 
ered being 435 c c The urine contained a trace of albumin The hemoglobin 
content was 73 per cent (Date), and theie were 4,190,000 erythrocytes The 

Table 12 — Findings in Case 10 
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309 
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roentgen ray revealed retention 3 A diagnosis was made of chronic pyloric 
obstruction with possible gastric tetany 

The patient was hospitalized for preoperative treatment consisting of gastric 
lavage and the forcing of fluids The amount of gastric contents obtained by 
lavage ranged from 500 to 1,000 c c The night preceding the date set for opera- 
tion the patient became unconscious and had convulsive twitchings Ihese 
symptoms became more severe and convulsions and mania developed The 
hands assumed the tetany position Chvostek and Trousseau’s signs were 
positive The treatment consisted of frequent gastric lavage with recovery of 
large amounts of contents Calcium chlorid was given intravenously On the 
sixth day, a left parotitis developed The patient's condition became gradually 
worse and a shocklike state supervened, evidenced by low blood pressure, and 
red face and ears, suggesting dehydration Weakness increased, and the patient 
died in coma (Table 12) 

Necropsy revealed ancient gastroduodenostomy with obstruction and per- 
manent dilatation of the stomach and duodenum, bilateral coalescing broncho- 
pneumonia, toxic nephiitis, chronic right seminal vesiculitis, ancient tuberculosis 
of the right lung, and slight arteriosclerosis of the aorta 

The mucosa of the duodenum was deeply congested and almost gangrenous 
No evidence of ulceration m the stomach was found, and the duodenum was 
widely patent The left and right kidneys weighed 210 and 185 gm , respec- 
tively The capsules stripped, leaving a smooth surface The surfaces appeared 
moist The cortical markings were indistinct The glomeruli were visible as 
yellowish points 
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On Sept 17, 1913, a posterior gastro-enterostomy and an appendectomy were 
performed Recovery was uneventful The patient was again examined in the 
Clinic on March 20, 1919 He had felt fairly well after the operation, but 
he still had some gastric distress on overeating, indefinite bloating and a 
“tired feeling” in the stomach He belched sour material, but he did not 
vomit He said he thought his stomach was “closing up” Physical examina- 
tion showed nothing of importance The sj^stolic blood pressure was 120, and 
the diastolic 70 Roentgenograms of the stomach revealed a gastrojejunal ulcer 
Urinalysis was negative A gastric test meal gave a total acidity of 30 and 
free hydrochloric acid, 20 The surgeons advised against operation because 
symptoms did not warrant it 

On May 17, 1919, the patient returned the third time because of more marked 
bloating, nausea and vomiting of green, watery fluid He had lost 17 pounds 
(7 7 kg ) in weight in six months The urine show'ed a specific gravity of 1 020 
with a trace of albumin Three days later albumin 2 and hyalin casts 3 
were noted Roentgenologic examination revealed a gastrojejunal ulcer with 
retention 1 

At operation on June 6, a gastrojejunal ulcer was found and excised Until 
the seventh day the patient convalesced uneventfully, then he developed mild 

Table 11 — Findings in Case 9 
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obstructive symptoms He complained of stiffness in the hands and feet His 
face and mouth felt numb, his legs were cramped and his toes became flexed 
he had pain in the side and back Gastric lavage was given every six hours, 
the amounts of thin green fluid recovered averaging about 1,000 c c Procto- 
clysis, 10 c c of 5 per cent solution of glucose in 240 cc of sodium chlorid 
solution and sodium bicarbonate were given The patient was having definite 
spasms of tetany, the hands assuming the typical position His general condi- 
tion was not alarming On June 13, gastric lavage returned clear Ten hours 
later 150 cc of greenish fluid were recovered The specific gravity of the 
urine was 1 012, the albumin was 2 and the hyalin casts 2 The urea content 
of the blood was 120 mg for each 100 c c The hemoglobin content (Dare) 
was 87 per cent , the erythrocytes 5,440,000 and leukocytes 12,900, poljmorpho- 
nuclear neutrophils 78 5 per cent and small lymphocytes 21 5 per cent On 
June 14, the patient complained of numbness in the hands and feet at the time 
of the lavage and said he would have a spasm if this were continued On 
Tune 23, the blood urea was 101 mg for each 100 c c Treatment was continued 
On July 2 the condition cleared up entirely and at the last report the urine 
showed a faint trace of albumin After the patient recovered he said that for 
the past ten or twelve years he had had periods of gastric distress associated 
with numbness, quivering of the lips and twitching of the abdominal muscles 
(Table 11) 
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Extensive adhesions had produced kinking of the proximal loop, and the bowel 
was twisted and turned to the right An entero-anastomosis of the proximal 
loop to the distal loops \vas quickly made The postoperative convalescence 
\vas uneventful, and the patient was dismissed cured 

This patient represents a lather mild condition of "'duodenal intoxi- 
cation ” As this case was an early one in our series, the impoitance 
of renal functional studies was not appreciated The unnal}'Sis sho^^ed 
definite evidence of renal irritation The early operatne relief of the 
obstruction prevented the further development of lenal injury The 
alkalosis was definite 

DISCUSSION OF CLINICAL FINDINGS AND LABORATORV DATA 

Etiology — The eleven cases herein reported piesent a clinical 
syndrome supposedly typical of duodenal intoxication Symptoms, 
probably those of gastric tetany, were present in all but one of the 
cases Etiologically two types were represented , those with demon- 
strable mechanical obstruction, and those without We assume the 
latter to be due to functional stasis or a dynamic, or possibly inter- 
mittent obstruction The cases in the first gioup included those of 
obstruction due to pyloric or duodenal ulcer, carcinoma, gastrojejunal 
ulcer and adhesions, those in the second group presented symptoms 
identical with those in the first, but adequate cause for obstruction 
could not be found by exploratory or necrops) examinations The 
condition may be analagous or related to that in paralytic ileus In this 
connection the cause of vomiting should be considered The possibility 
of a toxic substance oiiginatmg in the obstructed duodenum and stimu- 
lating the V omiting center cannot be ignored 

Gastuc Symptoms — The gastric symptoms were definite in both 
groups Vomiting, although not invariably peisistent, was present in 
all cases In the chronically obstructed group, there were intermittent 
ciises every few days with vomiting and the recovery of large amounts 
of thin, serous fluids The emptying of the stomach was always 
followed by relief from symptoms for variable periods In the post- 
operative group with acute obstructive symptoms, relief was less pro- 
nounced The fluid loss in the gastric secretion varied from 600 to 
6,000 cc in twenty-four hours Epigastric pain was not a feature 
Usually the patients complained only of mild distress in the epigastrium 
or of distention, which was relieved by belching or vomiting The 
sharp cohclc}! pains of lower intestinal closure were lacking Nausea 
was usually absent 

Neivous Symptoms — In oui experience, in fatal cases, tetany or 
tetany-like symptoms usually developed in the course of toxemia The 

24 Renal injury from alkaline treatment of ulcer vas not encountered in 
this group of cases except, possibh, m Case 2 
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Histologic examination revealed many casts in the tubules of the kidneys, 
foci of calcareous deposit and many foci of lymphocytic infiltration Seitral 
epithelial crescents were seen in the glomerular cavity The stroma was 
edematous ("Table 13) 

This patient had had a gastro-enterostomy performed elsewhere 
five years before Symptoms developed resembling those of gastric 
tetany The gastric symptoms were not marked at the time of exami- 
nation The clinical condition pioceeded to that known as “duodenal 
intoxication ” The tetany features of the case were marked Later 
symptoms suggestive of uremia developed, associated with laborator} 
evidence of marked renal insufficiency The necropsy examination con- 
firmed the diagnosis of toxic nephritis 

Case 11 (A3S3616) — Mrs T B, aged 31, came to the Clinic on March 28, 
1921, complaining of persistent loss of weight and strength She had had 
periodic attacks of migraine A gastro-enterostomy had been performed else- 
where in September, 1920, on the roentgenologic evidence of ulcer Clinical 
evidence was lacking For the first five days after the operation, the patient 
vomited large amounts of greenish, watery gastric contents Following lavage 
the patient was free from gastric distress until three months later when 

Table 13 — Dctciimnalton of Chlorids m Neciopsy Tissues (Case 10^ 


Mg for Each 100 Gm 
Presh Tissue 


Brain 220 

Wall of stomach 216 

Liver 172 

Muscle 80* * 

Kidney 208 


* Probably low, difficult to e\tract 

obstructive symptoms, severe gas pains, nausea, marked loss of weight and 
strength, and frequent vomiting appeared almost daily 

The patient was emaciated and had a ventral hernia at the site of the 
operative scar Her weight was 85 pounds (^38 5 kg ) The systolic blood 
pressure was 85 Urinalysis showed specific gravity of 1 016, albumin 2 and 
an occasional hyaline cast Examination of the blood revealed hemoglobin, 
80 per cent (Dare), erythrocytes, 5,120,000, and leukocytes, 7,600 Roent- 
genograms of the stomach disclosed a large stomach with retention 2 A 
gastric meal showed a total acidity of 14 with free hydrochloric acid 8 460 
c c of contents were recovered 

The patient was hospitalized for preoperative treatment Following gastric 
lavage and proctoclysis the vomiting was controlled and she gained 6 pounds 
(2 7 kg ) in weight The stomach tube recovered 650 c c with some food 
remnants but no bile The patient complained of numbness and twitching 
sensations m the hands and feet, particularly during the gastric tests This 
was relieved by the aspiration of large amounts of the gastric contents One 
definite attack of gastric tetany occurred with characteristic position of the 
hands, and thickness of speech The Chvostek and Trousseau signs were 
present The stomach was definitely distended, and 1,000 c c of greenish fluid 
were withdrawn, after which there was marked relief of the symptoms The 
carbon dioxid combining power was 110 Operation was performed on April 
26 The pvlorus was opened, but there was no evidence of previous ulcer of 
the stomach or duodenum The stoma was large, admitting three fingers 
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was definitely established, the acid-base balance was always disturbed, 
as demonstrated by an inciease of the carbon dioxid combining power 
of the blood Murray has found unchanged or only slightly 
changed values m the hydrogen-ion concentration of the blood in 
experimental closuie of the pylorus This change in the acid-base 
equilibrium is probably due to excessive loss of acid in the gastric 
juice which may be an exaggerated phase of the normal carbon dioxid 
curve after meals McCann has observed experimentally that 
reestablishment of gastrojejunal continuity causes a decided decrease 
in the alkaline reserve of the blood We noted a similar response in 
Case 7, following a drainage relief operation It appears feasible, at 
least, that the loss of the hydiogen-ion in the gastric juice results in a 
relative inciease of the blood bases Chlorid depletion was observed 
early, and remarkably low values were observed in the blood plasma 
An increase of plasma chlorids was observed m Case 7 as a result of 
reestablishment of gastrojejunal continuity The chlorid depletion is 
probably due to loss of chlonds in the gastric juice In only one 
instance was the increase of sodium m plasma found The chlorid 
content of the tissues showed that an actual depletion existed and that 
fixation of chlonds, as in pneumonia, was not present The chlorid 
values showed a relatively early change after the toxemia was estab- 
lished, and as noted in two of the patients, followed shortly after the 
disturbance in the alkaline reserve 

High levels for nonpiotein nitiogen in the blood were observed m 
all our severe cases High values were obtained for urea m the blood 
and corresponding increases in creatinin Definite changes were noted 
in the acid-base balance and chlorid level m several cases in which 
stasis was relieved before the renal injury had progressed sufficiently 
to produce azotemia We believe that while tissue destruction (catabo- 
lism) may be excessive, renal injury is an important factor In cases 
in which the phenolsulphonephthalein test was given, the excretion of 
the substance was definitely decreased The renal injury was grave, 
as shown by functional tests and necropsy examinations Clinically, the 
renal lesion suggested a degenerative type similar to that so frequently 
seen in many forms of experimental nephritis Edema, increased 
blood pressure and retinal changes were absent 

28 Van Slyke has shown that the alkalosis is due to an alkali excess since 
the bicarbonate-carhonic acid ratio is disturbed in favor of the bicarbonate 
When the hydrogen-ion concentration of the blood is undisturbed, he has 
designated the condition as a “compensated alkalosis ” 

29 Murray, H A The Bicarbonate and Chloride Content of the Blood 
in Certain Cases of Persistent Vomiting, Proc Soc Exper Biol & Med 19 
273-275 1922 
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symptoms referable to heightened nerve irritability may be either 
motor or sensoiy m character Seveial patients with chronic obstruc- 
tion complained for years of vague pains and paresthesia, particularly 
in the extiemities, during which the gastric symptoms were insignificant 
Pam, tingling and twitchmgs of all degrees may be present In acute 
cases ( Case 8) the pain may be severe and simulate an acute inflamma- 
tory lesion Spasmodic and convulsive stages of tetany were seen in the 
moie severe toxemias and often lepiesented terminal events In this 
stage, we found evidence of renal injury and insufficiency 

Shock-hke Featwes -^ — The shock-like features of the syndrome 
may be related to the marked fluid loss, resulting from persistent vomit- 
ing The low blood pressure, red facies,^® high hemoglobin, asthenia, 
and low muttering delirium, denoted the severity of this fluid depletion 
Maintenance of blood fluids is often impossible at this time Keith 
has pointed out that in shock the vessel walls lose the capacity to retain 
fluids This condition apparently obtains also in some cases of 
duodenal toxemias In seven of our cases, fluids were admmistered, 
such as salt and glucose solutions, in large amounts without demon- 
strable improvement Transfusions or colloidal solutions were not 
employed 

Uunaiy Evcietion — The urine was usually scanty as a result of 
excessive loss of fluid from the stomach The urine chloiids were 
gieatly diminished The concentration and dilution functions of the 
kidney were not definitely unpaired in one case m which they were 
studied Albumin, casts, and red blood cells were always found in 
the urine in the toxic stage 

Blood CJiemistiy — The chemical changes in the blood and tissues 
were practically pathognomonic and are consequently of great diag- 
nostic and prognostic significance The decrease in plasma chlonds 
and the increase in the carbon dioxid combining power of the blood 
appeared first early in the development of the toxemia When tetany 

25 Gerard has recently compared the pharmocologic action of “obstruction 
fluid’ and histamin The shock features of duodenal toxemia and histarrtm 
poisoning are, in many respects, similar 

26 One of us (L G R ) has previously noted this red facies m patients with 
diabetes insipidus, to whom histamin was administered 

27 Keith has also produced experimental dehydration in dogs by injecting 
intravenously a calculated amount of 50 per cent saccharose solution B}' 
this method a marked diuresis accounted for an average loss of 11 per cent 
of the body weight in a few hours Definite and constant circulatory changes 
occurred during the period of dehydration These were characterized by 
increased blood viscosity, raised hemoglobin concentration and a distinctly 
diminished circulating plasma volume Shocklike features were not present 
With the giving of an adequate amount of water by mouth, the circulation was 
rapidb' restored to normal 
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festations of tetany or shock The findings of increased carbon dioxid 
combining capacity of the plasma with low plasma chlorids indicate 
the existence of this toxemia And when this is associated with evi- 
dence of renal insufficiency, as shown by increased blood urea with low 
phenolsulphonephthalein excretion, the diagnosis can be made with cer- 
tainty The extent of the damage is reflected in the degree of chemical 
disturbance 

Piognosis — The preoperative and postoperative cases should be 
consideied separately In the preoperative group, the nature of the 
pathologic lesion is of pai amount importance The alkalosis is second- 
ary, IS of less consequence and more easily controlled Aside from the 
alkalosis, chlorid depletion and renal insufficiency may be present and 
yet recovery be possible (Case 2) Had operation been undertaken in 
the presence of these findings to the neglect of preoperative medical 
treatment, the outcome would probably have been fatal In determining 
the operative risk, the degiee of renal involvement is important Under 
the propel management, lenal function may be reestablished in this 
condition, as happens quite frequently following lelief of lowei unnaiy 
tract obstruction No sharp line of division can be drawn between the 
operative and nonopeiative cases, but an attempt to improve lenal func- 
tion by suitable medical measures should be undertaken prioi to opeia- 
tion Palliative operations involving diainage may be desirable A 
blood urea above 100 mg for each 100 c c and a phenol sul- 
phonephthalem excietion of 10 per cent or less represents a poor 
surgical risk 

The postoperative cases are likely to piovc more serious The onset 
as a rule is more acute, the couise more fulminating and death may 
occur befoie the seriousness of the condition is recognized Relief of 
stasis may result in recovery if effected by either medical or surgical 
treatment before serious renal damage occurs In both groups, the 
degree of renal injuiy is piobably the deteimining factor The advent 
of genet al convulsions or severe manifestations of tetany also indicate 
giave prognosis 

Tieatment — Obviously, in view of the obstructive origin of the 
toxemia the treatment is piimanly surgical The relief of the obstruc- 
tion IS the mam objective, and consequently simple drainage opeiations 
may be desirable When, howevei, surgical measures are associated 
with excessive jisk, medical treatment may be necessary In surgical 
interference, etherization is undesirable According to the work of 
Dale in histamin poisoning, resistance is markedly lowered by ether 
On this basis, Gerard advocates the use of nitrous oxid and oxygen 


32 Dale, quoted by Gerard 
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Pathologic Condition — In the six cases ending fatally, pathologic 
examinations showed severe toxic nephritis The tubular epithelium 
revealed degenerative changes Granular and fatly degeneration were 
uniformly present No marked changes were seen in the glomeruli 
When calcium had been administered as a therapeutic measure, deposits 
of this substance were found in the tubular epithelium This is of 
interest in connection with the work of Bowler, who finds that excessive 
doses of calcium chlorid produce no toxic effect on the kidneys The 
urine contained albumin, casts and erythrocytes during the toxic stage 
Marked dilatation of the stomach and duodenum were noted in all 
necropsy cases Definite changes in the duodenal mucosa were seen 
in one case only (Case 10) The absence of gross pathologic changes 
in the mucosa does not militate against the assumption of Hartwell 
and others that changes in this tissue are an, essential feature of the 
toxemia Minor or functional changes may exist 

Con elation of Clinical and Laboiatoiy Data — It is difficult to 
determine to what extent certain symptoms are due to renal insufficiency 
or tetany Uremia is characterized chiefly by symptoms referable to 
the gastro-mtestinal and nervous systems and by asthenia Such symp- 
toms are present in duodenal toxemia Our impression, perhaps wth- 
out sufficient basis, has been that the earlier symptoms of this char- 
acter were due to tetany In the later stages, m the presence of proved 
renal insufficiency, we believe that the symptoms are at least partially 
uremic in origin Such symptoms are daily encountered in cases of 
nephritis m the absence of tetany and even in the piesence of acidosis 
The renal injury may be present fairly early after the onset of the 
toxemia Headaches are common The mental aberration particularly 
suggests uremia Consequently, we believe that the burden of proof 
should rest on those who hold that these symptoms are not uremic in 
origin 

The pathologic condition m the kidney is in keeping with the clinical 
and laboratory data The role of the kidney cannot be disregarded, 
since the renal lesion is often the most outstanding pathologic finding 
at necropsy 

Diagnosis — In the diagnosis of duodenal intoxication, the laboratory 
findings are of great importance and sometimes pathognomonic In 
cases of duodenal ulcer with obstruction, vomiting is frequent, m both 
preoperative and postoperative stages When, however, vomiting is 
marked or persistent, chemical studies of the blood are indicated, and 
especially when the vomiting is accompanied by florid facies and mani- 

30 There was no evidence that a preexisting nephritis had been present in 
the cases coming to necropsy, differing in this respect from the cases reported 
by Tucker 

31 Personal communication 
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blood, by decreased lenal function, and in case of death by pathologic 
changes in the kidney 

3 The clinical picture consists of (1) vomiting of large amounts 
of a thin, seious, bile-stained fluid, (2) evidences of dehydiation, red 
florid complexion, high hemoglobin, low blood pressuie and asthenia, 
(3) by tetany-like manifestations, and (4) features of shock and 
ui emia 

4 The blood shows (1) a low level of chlorids, (2) a high car- 
bon dioxid canying capacity, and (3) a high level of blood urea and of 
creatmin 

5 Uimalysis leveals albuminuria and casts 

6 Renal functional studies indicate renal insufficiency, high values 
for urea and cieatmin, and a deci eased excretion of phenol- 
sulphonephthalein 

7 Necropsy m six cases revealed the pathologic condition of 
nephrosis charactei i/ed either by acute degenerative changes m the 
tuljulai epithelium or by a diffuse nephritis 

8 Prognosis and treatment are discussed 
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Medical tieatment may be consideied under the heading of (1) 
drainage or mechanical relief, (2) administration of fluids, (3) dietary 
control, and (4) drug therapy Drainage can be obtained by means of 
the stomach tube Frequent lavage is essential Dilute hydrochloric 
acid, 1 to 2 c c , may be given through the stomach tube When tetany 
exists, calcium chlorid 10 per cent solution in doses of 1 to 2 gm may 
be given m this manner or intravenously Since excessive fluid is lost 
by vomiting and concentration of the blood results, large amounts of 
water are indicated This can be administered in the form of physio- 
logic saline solution intravenously, subcutaneously, or by rectum 
Drags'tedt has found that Ringer’s solution is more effective than 
sodium chlorid solution in controlling experimental tetany It proved 
of great value in one of our cases Accumulation of nitrogen m the 
blood indicates a low protein and high carbohydiate diet We have 
used farinaceous food and milk, to which lactose and cream have been 
added Since the putrefactive bacteria flourish in an alkaline medium 
and, the aciduric flora in an acid medium, buttermilk, or Bacillus 
acidophyhis milk may be tried 

Drugs are used to combat alkalosis and tetany Dilute hydrochloric 
acid is given in 2 to 4 c c doses in sodium chlorid solution by rectum, 
or by mouth if obstruction is not complete Five hundred cubic centi- 
meters of 0 1 normal hydrochloric acid in 500 c c of physiologic saline 
solution has been used by Murray Haldane has recently shown 
that ammonium chlorid when given by mouth produces a decrease in 
the alkaline reserve of the blood and alveolar carbon dioxid In the 
light of recent knowledge on the toxicity of sodium bicarbonate, it is 
important to avoid it in gastric tetany and duodenal toxemia In the 
medical tieatment of duodenal ulcer, the condition of the kidney con- 
stantly followed nephritis, for Hardt and Rivers have shown that toxic 
symptoms appear at times within the first week of treatment before 
neutralization of the gastric juice or alkalinization of urine is effected 

SUMMARY 

1 Eleven cases are reported in which as the result of organic 
obstruction, anatomic or physiologic stasis in the duodenum, duodenal 
toxemia developed 

2 Duodenal toxemia is chaiactenzed by a clinical syndrome, by 
urinary changes, by pathognomonic changes in the chemistry of the 

3o Haldane, J B S Experiments on the Regulation of the Blood s 
Alkalinity, J physiol 55 265-275 1921 

34 McCann has given this method clinical trial in a case of gastric tetany, 
using 500 cc of an 0 822 per cent solution of ammonium chlQrid (hydrogen- 
ion concentration 7) The solution was previously tested for hemolysis against 
patients’ blood Tetany symptoms were relieved 
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smaller is 1 82 grains (0 1 gm ) , and it would be necessary to assume 
absorption of approximately one half of one of tbe larger tablets or a 
corresponding number of smaller ones to explain death from this source 
On the contrary, there are some patients who recover in spite of ha^ ing 
appai ently retained much more than the estimated minimum lethal dose 
It IS always, however, impossible to know how much mercury may have 
been removed and how much may have been rendered inert by material 
m the gastro-mtestinal tract and passed out unabsorbed 

Mei curie chlorid poisoning furnishes an excellent opportunity to 
study the retention of nitrogenous waste products m the blood, and 
sevei al such studies have been made - and tbe findings compared with 
those seen in other kidney lesions Myers and Lough,'’ m their studies 
on nephritis, have emphasized particularly the prognostic value of the 
blood creatmin figures and have stated that figures of 3 to 5 mg per 
100 cubic centimeters are decidedly unfavorable and that amounts above 
5 mg probably mean early fatal termination They have reported a 
fatal case showing creatmin, 33 3 mg per 100 cubic centimeters of 
blood , uiea nitrogen, 240 mg , and uric acid, 15 mg Campbell,'^ on the 
other hand, believes that creatmin retention as a guide m prognosis is 
valuable only m chronic cases of kidney disease, and he cites one case 
of mercuric chlorid poisoning m which creatmin reached 12 5 mg and 
recovery occurred Underhill ® reported recovery of a patient aftei 
urea nitrogen reached 240 mg 

Rosenbloom ” reviewed the pievious literature on the therapeutic 
measures and suggested a method of treatment which seems to combine 
the more effective measures of the various methods previously used 
For the benefit of those who are not familiar with it, we would refei 
to the oiigmal article The treatment includes the use of calcium 
sulphid, sodium phosphate and acetate, intravenous injection of 
Fischer’s solution, colonic irrigations, hot packs, alkaline drinks and 
proctoclysis of potassium acetate, sodium bicarbonate and glucose, rest 
in bed, etc 

This treatment has been used m our service with comparatively little 
modification for the past eighteen months, and has seemed to give the 
most favorable results It combines many of the measures previously 

2 Elwyn, H , and Flood, E P Kidney Function in Case of Bichlond 
Poisoning, Med Rec 98 56 (July 10) 1920 

3 Myers, V C, and Lough, W G The Creatmin of the Blood in 
Nephritis Its Diagnostic Value, Arch Int Med 16 536 (Oct ) 1915 

4 Campbell, W R Observations on Acute Mercuric Chlorid Nephrosis, 
with a Report of Two Cases, Arch Int Med 20 919 (Dec ) 1917 

5 Underhill, A J Blood Urea in Renal Conditions, New York M J 
102 662 (Sept 25) 1915 

6 Rosenbloom Acute Bichloride of Mercury Poisoning Treated liy 
Newer Methods, Am J M S 157 348 (March) 1919 



A CLINICAL REPORr ON ACUTE CASES OF 
MERCURIC CHLORID POISONING'^ 

L C GATEWOOD, MD 

AND 

A.RTHUR F BYFIELD, MD 

CHICAGO 

Poisoning by mercuric chlond is a condition of comparatively fre- 
quent occurrence at the present time, and the opportunity to study a con- 
siderable number of such cases has furnished data which seem of 
sufficient interest to justify a report While some of these patients 
have been transferred to other hospitals within a comparatively short 
time after admission to the service, there have been a number which we 
have been able to study with a fair degree of thoroughness, and these 
have presented interesting findings 

Alost of the work previously reported has been along therapeutic 
lines and has in the mam tended to confirm the earlier general impres- 
sion of a high mortality from this condition Sansum ^ has reviewed 
particularly carefully the literatuie on the subject and has con- 
ducted animal experiments which seem to show that for dogs the 
minimum lethal dose is quite uniformly 4 mg of mercuric chlond 
intravenously pei kilogram of body weight A dose of 5 mg per 
kilogram of body weight ivould quite regularl} produce death with 
anuria, and his experiments tended to show that when anuiia had 
been so caused, all attempts to reestablish the flow of urine by use of 
diuretic solutions failed His figures correspond with those of various 
textbooks which give 3 to 5 grams (0 19 to 0 32 gm ) as the lethal dose 
for an adult It is quite impossible to confirm these figures clinically, 
since It IS frequently impossible to know the dose which has been 
taken and equally impossible to know the amount which has been 
removed by vomiting, gastric lavage and catharsis It is probable that 
some persons are much more susceptible than others This is suggested 
particularly by the considerable number of cases of poisoning recently 
reported as due to absorption from the vagina, either from douches 
of mercuric chlond solution or from tablets placed in the vagina to 
prevent conception The amount of mercurid chlond used in this way 
IS, as a rule, small There are two sizes of tablets commonly sold for 
antiseptic purposes — the larger one is 7 8 grams (0 5 gm ) and the 

*From the medical service of the Cook County Hospital Read before 
the Chicago Society of Internal Medicine, May 29, 1922 

1 Sansum, W D Principles of Treatment in Mercuric Chlond Poison- 
ing, JAMA 70 824 (March 23) 1918 
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One patient (M K ) who left the hospital at the end of fourteen 
days very much improved, died at her home within two or three days 
under circumstances which suggest that she had probably taken a 

Table 2 — Rcsulls ivilh Rosenbloom’s Mefhod of Tieatment and Fotmer 
Methods of Ttcatinent in Authois’ Caici 


C ISO 

Age 

Previous 

Dose of Mercury m 
Morouric Stomach 

Vomit- 

Pirst 

Treat 

Fntercd 

Hos- 

Days in 
Treat- Hos 


No 

Health 

Chlorid 

Contents 

mg 

ment 

pital 

ment- pital 

Rcsi It 

723406 

M K 

24 

Good 

15 6 gr 

— 

15 min 

Imme 

diately 

2 hr 

G 

2 

Improacd 

(Rcl) 

72«)04 

G J 
729561 

K R 

22 

Good 

20 gr 

— 

30 min 

30 min 

1 hr 

G 

10 

Recoa cry 

28 

Good 

? 

— 

No 

1 hr 

3 hr 

G 

3 

Recover^ 

733012 

A N 

28 

Pregnant 

30 gr 

— 

15 min 

1 hr 

1 hr 

G 

5 

Improacd 

(Bell 

73S267 

L B 
739329 

B M 

26 

Pregnant 

15 6 gr 

— 

No 7 

2 hr 

2 hr 

G 

1 

Rcl 

20 

Good 

1 8 gr 

— 

15 min 

15 mm 

15 min 

G 

1 

Rel 

738595 

V K 

24 

— 

30 gr ? 

— 

15 min 


IVahr 

G 

1 

Rcl 

743400 

A 0 

22 

Alcoholism 

? 

— 

Soon 

9 

7 

G 

—1 

Bel 

743782 

J O’B 

21 

Poor 

4 tabs 
size ? 


Imme 

diatcly 

— 

1 hr 

G 

—1 

Rel 

750145 

N B B 

24 

— 

7 tabs 

-1- 

10 mm 

10 min 

45 min 

B 

16 

Becoa cry 

750976 

V S 

22 

Good 

? 

+ 

10 mm 

— 

1 hr 

B 

10 

Recovery 

753485 

E B 

28 


10 tabs 

+ 

No 


2 hr 

B 

7 

Recoa ery 

755155 

S S 

20 

— 

6 tabs 
size 7 


— 

20 min 

30 mm 

Q 

2 

Rcl 

758244 

T B 

29 

— 

Bottle of 
tablets 

-t- 

Soon 

Many 

hours 

5 days 

G 

3 

Died 

764043 

L O’B 

40 

— 

40 gr 


30 min 

30 min 

7 hr 

G 

3 

Improa’cd 

(Rel) 

764448 

B M 

19 

Skin lesion 
on leg 

1 

+ 

No 

7 

Many 

hours 

G 

4 

Improved 

766305 

J S H 

41 

Good 

9 



30 min 

4 hr 

B 

4 

Rcl , im 
proved 

760580 

M I 

40 

— 

11 tabs 
size 7 

+ + + 

4 hr 


28 hr 

R 

13 

Died 

766759 

M K 

40 

— 

7 

•f-t- 

30 mm 

30 min 

l’/5 hr 

R 

14 

Rctoa'cry 

766980 

O M 

29 

25 tabs 
size ? 

25 tabs 
size 7 

+ -t- + 

Few 

nijD 

^0 mm 

1 hr 

B 

36 

Recovery 

772721 

E L 

21 

Syphilis 

4 tabs 


30 min 

30 mm 

5 hr 

R 

13 

Rccoaeri 

(Bel) 

773174 

A S 

02 Diabetes, 5 tabs 
morph nephritis 


Imme 

diatcly 

*“ 

3 hr 

R 

8 

Improved 

(Bel) 

777363 

E G 
7^846 

L B 
785329 

0 S 

— 

Good 

5 tabs 

+ 

30 min 

30 min 

1 hr 

B 7 

Rccoaery 

22 

Good, alco- 
holic 

Mental dis 

7 

+ + + 

30 min 

30 min 

U/^hr 

B 

12 

Beeoverj 

18 

6 tabs 

+ 

Pen 

min 

30 mm 

U^hr 

R 

14 

Recoa ery, 
trans to 
psycho 

785439 

0 H 
787296 

H D 

10 

Good 

1 tab 

Tt 

15 min 

15 min 

4 hr 

B 

14 

Recovery 

21 

Pyelitis, 

gynecol 

3 tabs 

23 4 gr 

+ -1- 

10 mm 

30 min 

24 hr 

B 

9 

Recoa era , 
trans to 
psycho 


G indicates general methods of treatment tormcrlj in use, E, method of treatment out- 
lined b> Roscnbloom, Bel, lelcased to the care of relathes or friends Such patients -ttcre 
tnnslerred to pri\atc hospitals for further care 


further dose of poison after leaving the hospital, but definite infor- 
mation on this point was not obtainable Since that time it has become 
our practice to have all such patients examined by the psychopathic 
department before discharge 
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used and thus involves a considerable amount of time and eftort 
Lavage is continued until the washings are reported free from mercury 
If this method has advantages over those previously used, they are 
probably dependent on the amount of mercury removed by the repeated 
lavage, as shown m case records contained in the tables In one such 
case, mercury was found in the washings as late as eleven days after 
being taken and was present m considerable quantities during the early 
days of treatment It is probable that a good deal of mercury is 
removed in this way, and it is to be hoped that later we may have 
quantitative determinations of the mercury so removed To date this 
has not been possible 

From Jan 1, 1920, to May 1, 1922, there have been admitted to 
the Cook County Hospital to all services a total of seventy-one cases 
of mercunc chlorid poisoning, distributed as shown in Table 1 


Table 1 — Cases of Met cut tc Chlond Poisoning at Cook County Hospital 
ftom Jan 1, 1920, to May 1, 1922 


1920 

Total 

26 

Recoi ered 

24 

Died 

2 

Mortality 

Percentage 

77 

1921 

35 

28 

7 

200 

1922 

10 

8 

2 

20 0 

TotTl 

tl 

GO 

11 

15 5 


Of this number, thirty have been admitted to our seivice The 
results are shown m Table 2 

It will be noted that all cases in this series from No 750145 to the 
end of the table showed positive tests for mercury m the stomach con- 
tents or urme or both Prior to January, 1921, such examinations were 
not available, but only unquestioned cases have been included in the 
series It has at times happened that patients have feigned poisoning 
with mercuric chlond, but any such cases have been carefully excluded 
When such cases arise they should be treated as cases of mercuric 
chlond poisoning until repeated tests have demonstrated that no mercury 
IS present, since it is also not unusual for one who has taken mercuric 
chlond to deny it vigorously until told that chemical examination of 
the stomach contents reveals the poison 

Two of the patients in the tw^enty-seven cases here tabulated died 
in this hospital Twelve of these patients were brought into the 
County Hospital as emergency cases and were transferred to other 
hospitals when friends or relatives became cognizant of their presence 
m the hospital In this way a number of patients have been lost to 
observation before a sufficient period has passed to enable us to be 
certain of the outcome 
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Case 2 — Carrie M (No 766980), aged 29, weight approximately 150 pounds 
(68 kg ), was admitted to the hospital on July 20, 1921, at 5 p m She had 
swallowed twenty-five mercuric chlorid tablets at 4 p m , and within thirty minutes 
milk had been given and vomiting induced On entering the hospital she con- 
tinually vomited blood streaked material which gave a strong test for mercury, 
and mercury was found in the stomach washings each day up to and including 
the sixth day A trace of mercury was found m the urine as late as the 
fourteenth day From the outset the patient was unable to void, and no urine 
was obtained on catheterization The first urine was obtained on the seventh 
day, and from that time steadily increasing quantities were passed, although 
some of the first specimens were lost in expelling enemas, and it was imoos- 
sible to obtain reliable data concerning the twenty-four hour output The 
nitrogen retention reached its maximum on the eleventh day, as shown in the 
tabulated blood chemistry determinations, and from that time improvement 
was rapid The patient remained in the hospital for thirty-six daj'^s and left 
the hospital apparently entirely recovered She has been out of the city most 
of the time during the past year but has reported that urinalysis showed no 
abnormality and that she has been m good .health 


Table 5 — Blood Chcimstiy in Case 2 






Day 





First 

Third 

Eleventh 

Fif 

teenth 

Nine 

teenth 

Twenty- 

Second 

Twenty 

Seventh 

Thirtj 

Third 

Urea nitrogen 

22 41 

40 00 

70 05 

04 91 

40 62 

22 54 

18 21 

17 02 

Urea 

49 95 

£5 60 

149 80 

136 90 

86 92 

48 33 

38 96 

36 42 

Uric acid 

4 21 

4 21 

12 50 

971 

615 

2 45 

211 

2 31 

Creatinin 

3 75 

390 

13 10 

11 27 

333 

187 

1 55 

1 49 

Sugar 

191 

97 

95 

141 

— 

— 

— 

— 





Table 6 

— Urine 

Evaminations 





Specific 





Leuko- 


Dar 

Color 

Gravity 

Reaction 

Albumin Sugar 

Blood 

cytes 

Casts Remarks 

7 

Straw' 

? 

Alkaline 

0 

0 

0 

+ 

0 3 c c only 

11 

Straw' 

1009 

Alkaline 

0 

0 

0 

0 

0 

13 

Straw 

1 010 

Alkaline 

0 

0 

0 

0 

0 

14 

Straw 

1014 

Alkaline 

+ + 

0 

0 

0 

0 

15 

Straw 

1 010 

Alkaline 

+ + 

0 

0 

0 

0 

20 

Straw 

1 010 

Alkaline 

Trace 

0 

0 

-I — h-f- 

0 

25 

Amber 

1010 

Alkaline 

0 

0 

0 

++ 

0 

26 

Amber 

1011 

Acid 

0 

0 

0 


0 

27 

Straw 

1 012 

Acid 

0 

0 

0 

-U-i. 

0 

32 

Straw 

1012 

Alkaline 

0 

0 

0 

0 

0 

34 

Amber 

1011 

Acid 

C 

0 

0 

“T 

0 


Case 3 — Olga S (No 785329), aged 18, who weighed approximately 125 
pounds (56 6 kg), was admitted to the hospital on Jan 20, 1922, at 12 10 
a m, having swallowed six tablets (size unknown) of mercuric chlorid at 
10 30 p m One half hour after taking poison _ she drank milk and vomited 
Chemical examination revealed mercury in the stomach washings on the first, 
second and third days, and m the urine up to the fourth day The patient 
was put at once on the Rosenbloom treatment as outlined, and made an 
uneventful recovery from the poisoning, being transferred on the fourteenth 
day to the Psychopathic Hospital for further observation because of a 
psychosis This patient showed albumin and casts persistently present m the 
urine No history of previous kidney disease was obtained It is interesting 
to note that albumin and casts are by no means uniformly found m cases of 
mercuric chlorid poisoning, and even some of the more severe cases have 
shown albumin only for comparatively short periods 
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Most of the other patients included in this senes left the hospital 
recovered or in such condition that recovery seemed assured, and careful 
search of records of the coroner’s office shows no report of deaths 
other than those here recorded 

ILLUSIRATIVE CASES 

The following cases piesent features of special interest and are 
therefore presented in greater detail than the previous tables permit 

Casc 1 — Margaret I (No 766586), aged 40, weight approximate!} 135 
pounds (612 kg), was admitted to the hospital on July 16, 1921, at 10 p m, 
with a history of having taken eleven tablets of mercuric chlond (probabl} 
20 02 grains) twenty-eight hours previously The patient had vomited 
repeatedly and was having frequent involuntary defecations Examination ot 
the stomach washing's on admission showed considerable quantities of mer- 
cury, and mercury continued to be present in every specimen of stomach 
washings up to and including the eleventh day The patient was cathetf rized 
repeatedly, and no urine was obtained until the fourth dav m the hospital 
when 10 c c were obtained, as shown m the accompanying table She reoorted 
that she passed small amounts of urine at the time of bow'el movements during 
the next few days, but although she was cathetcrized no further urine was 
obtained for examination, until the tenth day 

Table 3 — Blood Cltcmishv w Case 1 


Day 



Second 

Fourtli 

Sixth 

Eleventh 

. - 

Fourteenth 

Urea nitiogen 

33 62 

63 70 

73 60 

92 00 

11600 

Urea 

71 94 

113 42 

157 50 

196 80 

24820 

Unc acid 

416 

421 

6 21 

8 27 

893 

Creatinin 

4 27 

611 

SS7 

1019 

1137 


Table 4 — Urine Examinations in Case 1 


Daj 

2 

•Vmount 

0 

How Obtained 
Catheter 
ization 

Color 

Reaction 

Albumin Sugar 

Blood 

Pus Casta 

4 

10 c c 

Catheter 

ization 

Straav 

Acid 

0 

0 

9 

6 

7 

S 

9 

Trace 

Trace 

Trace 

0 

Lost with stool account of diarrhea 
Lost with stool account of diairhca 
Lost iMth stool account of diarrhea 
Catheter 
ization 

No specimen oh 

ainable 


10 

13 

15cc ? 

Spontane 

ously 

Lost with stool 

Straw 

4cid 

0 

0 

Occa ion 
hyaline 


Rosenbloom treatment as previously outlined was instituted immedirtel} 
on admission to the hospital So far as could be ascertained, no treatment 
had been instituted prior to the patient’s admission to the hospital This 
patient, therefore, presents a longer interval before treatment than any of the 
other cases m the series, and though the dose of poison taken was much less 
than that from which other natients m the series recovered, the patient died 
on Tulv 29, 1921, thirteen days after admission 
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as in the other kidne}- lesions in which they have been most studied 
Low grade nitrogen retention bespeaks recovery, but high figures do 
not necessarily mean a fatal termination (see CM) The value of 
the creatinin test, which has been particularly advocated, as a prognostic 
sign is much greater m chronic kidney disease than in acute conditions 
comparable to the ope herein observed This is in agieement with the 
previous report of Campbell 
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Table 7 — Blood Chcmistiy 


Dav 

2 

C 




Urea Nitrogen 

19 61 

ISOY 

Urea 

41 96 
2196 

CreatiDin 

151 



Table 8 — U) 

me Evammaitons 





Speciflc 



Leuko- 


Day 

Appearance 

Gravity 

Reaction 

Albumin Sugar 

cytosis 

Oasts 

1 

Clear 

1020 

AHialine 

++ 0 

Few 

Many granular 

3 

Cloudy 

1 028 

Acid 

0 

++ 

Many granular 

4 

Cloudy 

1 010 

Alkaline 

+ + 0 

++ 

Few granular 

5 

Cloudj 


Alkaline 

0 

4 *+ 

Few granular 


DISCUSSION 

For a long time there has apparently been a general impression both 
among the laity and in medical literature that mercuric chlond poisoning 
IS almost uniformly fatal This view has been strengthened by the 
researches of Meyer and Gottlieb, and of Sansum , particularly by 
the work of the latter concerning the umfoimity of the minimum 
lethal dose when mercuric chlond is given intravenously to dogs 
Conditions for absorption of this poison when taken by mouth, 
however, are quite different from those observed experimentally, and 
from our observations it is quite evident that patients in whom the 
prognosis a puou appears bad, either because of large dose or late 
treatment, may lecover It is therefore essential that all patients be 
treated carefully even though conditions appear most unfavorable for 
recovery — as, for example, m the case of C M with prolonged anuria, 
high nitrogen retention, etc 

The aim of therapy is to block every possible avenue of absorption 
and to remove from the body as much mercury as possible In our 
experience this has seemed to be best accomplished with the method of 
Rosenbloom It is especially interesting to note the long period in 
which we have continued to obtain mercury in stomach washings It 
is to be regretted that we have been unable to obtain quantitative 
analyses of the mercur) thus removed It would seem tliat in many 
cases the amount is considerable and that it might readily, m some 
cases at least, make the difference between a lethal and nonlethal dose 
It seems quite essential that the washings should be tested for mercury 
and the treatment continued until it is quite certain that no further 
meicury will be remoied in this way 

Blood chemistry determinations have furnished much interesting 
data and would seem to be of some value in prognosis These figures, 
however, do not have m mercuric chlond poisoning the same significance 
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neurosyphilitic peisons than among those married to patients with 
diffuse cerebrospinal (meningovascular) neurosyphihs * This fact, 
together with other differences between the two gioups, led us to 
suggest the possibility of the existence of two neuiotropic strains of 
the oiganism, the lesions caused by one of these being laigely confined 
to the nervous system (parenchymatous type) 

The practical and piobable scientific value of the study has led us 
to continue the work duiing the past two yeais An additional sixty- 
one families have now been studied fiom this point of view, making a 
total of 111 families at our disposal In this paper will be leported the 
details of the recent sixty-one families, together with a summary of the 
whole series The unselected character of the mateiial is emphasized, 
as each neuiosyphilitic patient enteis the clinic he is uiged to bring his 
spouse in for examination Onl}'’ those marital paitners in whom aie 
obtainable anamnesis, physical and neuiologic examination, blood 
Wasseimann tests, and spinal fluid study are included, the absence of 
any one of these rendering the case too incomplete for consideiation 
These data are also available in the original patient 

Of the sixty-one new families, the original member (not always the 
one to acquire syphilis and introduce it into the family) was paretic 
in fourteen instances, tabetic in seventeen, and in thiity instances had 
cerebrospinal syphilis (early or late) The material will be consideied 
undei these headings 


GENERAL P \RALYSIS 

In Table 1 aie summed up the details of the examination of the 
marital partneis of fouiteen paretic patients Six of these were 
apparently normal , eight, oi 57 1 per cent , were syphilitic Of these, 
three weie neuiosyphilitic, in two instances (and probably the third) 
the neurosyphihs being of the parenchymatous type Clinical neuio- 
syphilis was also piesent in the wives of two other paretic men, the 
families not being included in the tables because of the lack of spinal 
fluid examinations In Family 74, neui osj'phihs was detected only by 
the loutine use of spinal punctuie 

2 In this paper the term parenchymatous neurosyphihs includes general 
paresis, tabes dorsalis, and taboparesis Other neurosyphilitic diseases are 
classified under the general heading of cerebrospinal syphilis, the descriptive 
terms meningeal, vascular, meningovascular, neurorecurrence, asymptomatic, 
etc, being used when possible In many cases the neurologic abnormalities 
will not permit accurate localization of the lesions these cases in oui 
nomenclature, are referred to as syphilis C N S unclassified, or diffuse 
cerebrospinal syphilis 



STUDIES IN FAMILIAL NEUROSYPHILIS 

III CONJUGAL NEUROSYPHILIS (SECOND COMMUNICATION) 
JOSEPH EARLE MOORE, MD 

AND 

JAROLD E KEMP, MD 

BALTIMORE 

In the first paper of this series ^ we outlined the methods employed 
in and reported the results of the examinations of fifty-two marital 
partners of fifty neurosyphihtic persons, with the thought that the data 
thus obtained might be of value in the debate as to the existence of a 
neurotropic strain of Spit oclmeta pallida It was recognized that the 
family material employed in such a study must be as nearly as possible 
unselected and that the methods of examination must include not only 
the usual Wassermann survey, or physical and neurologic examination, 
but also, in view of our increasing knowledge of asymptomatic 
neuiosyphilis, all these proceduies plus routine examination of the 
cei ebrospinal fluid of every available maiital partner of a senes of 
neurosyphihtic patients The value of this method of approach was 
indicated by the discovery of asymptomatic neurosyphilis in seven 
marital partners, the abnormal spinal fluid findings being the sole indi- 
cation of syphilis in three of these 

Although the literature contained many reports of series of famines 
with conjugal neurosyphilis and a few excellent studies of routine phys- 
ical or Wassermann examinations of the marital partners of neiiro- 
syphilitic persons, we were unable to find any communications in which 
the data given were strictly comparable to our own, and since the 
date of our publication (July, 1921) no'furthei satisfactory studies 
have appeared 

Owing to the comparatively small number of families reported m 
our first paper, no definite conclusions as to the duality of strain of 
Spit ochaefa pallida were permissible It did appear, however, that 
conjugal neurosyphilis was of relatively frequent occurrence It was 
noted to be more common among the partners of parenchymatous 

*From the Syphilis Department of the Medical Clinic, Johns Hopkins 
Hospital 

* This investigation has been aided by grants from the United States 
Interdepartmental Social Hygiene Board and from the American Social 
Hygiene Association 

1 Moore, J E, and Keidel, A Studies in Familial Neurosyphilis I 
Conjugal Neurosyphilis, J A M A 77 1 (July 2) 1921 
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A comparison of these families with the twenty-one families dis- 
cussed m our earlier paper appears in Table 2 The data show 
discrepancies, probably explainable on the basis of the small numoei 
of families m each gioup In the total, thiity-five families, one thud 
of the partneis were normal, two thirds weie syphilitic, and of the 
syphilitic partners, 58 3 per cent had neurosyphihs In the fourteen 
partners with neurosyphihs, the type of the disease was certainly 
or probably paienchymatous (as in the oiiginal patient) in ele^en 
instances 

TABES 

The seventeen new families of tabetic patients aie shown m Table 3 
Nine of the marital partners were noimal, eight, oi about one half, 
had syphilis Of the latter, four, or 50 per cent, were neuiosyphilitic 
Here, however, the type of neurosyphihs was the same as in the 
person who introduced syphilis into the family in only one instance 
(Family 103) 

Table 2 — Snmiiiaiy of Families with General Paiests 

Partners Per 
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Moore and Keidel 
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22 
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16 

72 7 

11 

687 

Tins studj 

14 

14 

6 

8 

571 

3 

37 5 

Total 

35 

36 

12 

24 

66 6 

14 

68 3 


A comparison of the whole number of tabetic families, shown m 
Table 4, with the senes of paretic families m Table 2, shows striking 
similarities The incidence of syphilis in the partners of the two 
groups is about the same, and the incidence of neurosyphihs among 
the syphilitic partners almost precisely so Moie than half of the 
syphilitic marital partneis of patients with parenchymatous neurosyphi- 
hs were themselves neurosyphihtic 

CEREBROSPINAL SYPHILIS GROUP 

This group of patients, which in our first communication was 
considered as a whole, has here been split into two parts to facilitate 
discussion The first subgroup includes those families in which one 
member was found to be neurosyphihtic, either by clinical evidence or 
by routine spinal puncture, within the first eighteen months of his 
infection The second is made up fiom families in which the original 
member, having had syphilis for some years, was found to have clinical 
cerebrospinal syphilis of various types on admission The taWes and 
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descriptions include twenty-one families from our first communication 
and thirty additional families, the earlier data being purposely repeated 
because of the regrouping 

EARLY CEREBROSPINAL SYPHILIS 

Included in this group, details of which aie shown in Table 5, aie 
five families from our first paper (Families 17, 28, 12, 45 and 52) 
and thirteen additional families Particular interest attaches to this 
group, since the entrance of syphilis into the family is recent, the 
duration of infection in husband and wife approximately the same, 
and since in one member early invasion of the nei\ous system by the 
organism had been detected As may be seen from a study of the 
table, in each instance the one who introduced S3’^phihs had recently 
contracted the disease and was usually first seen with the lesions of 
primary or secondary syphilis The average duration of infection in 
the original patient was five and nine-tenths months In these families. 
It is certain that the strain of organism infecting husband and wife is 

Table 4 — Summaty of Fmmhes with Tabes 
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tile same If the fact of early neivous system invasion in one member 
be considered as evidence of neuiotropism of the spirochete, neuio- 
syphihs ought to be frequent among the marital paitners This state- 
ment, of course, disregards other factors, such as the kind and amount 
of early tieatment, the patients’ immune processes, etc, which may, 
and certainly do, influence the outcome Contrary to expectation, how- 
ever, neurosyphihs m the marital partneis of this group is uncommon 
Of the eighteen partneis, only three were normal As the one 
introducing syphilis had recently had infectious lesions, fifteen were 
syphilitic, all of whom had acquired the disease but a short time before 
examination In fourteen of the eighteen families, the member with 
the oiiginal infection was neuiosyphilitic, the neurosyphihs being 
asymptomatic eight times, of the neuroiecurrence t}pe four times, and 
clinical neurosyphihs (without previous insufficient treatment) tv ice 
Eleven of the fourteen partneis of these patients had syphilis, of 
whom, however, only three were neurosyphilitic 

In Family 12, the one who introduced syphilis developed an eighth 
nerve neurorecurrence after insufficient treatment, his wife, with no 
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history of call) syphilis or treatment, at the same time had a right 
facial paialysis of one week’s duration and a positive cerebiospinal 
fluid In Family 52, husband and wife, both with eaily syphilis, weie 
discoveied to have spinal fluid abnormalities of tbe same type (Group 2 
of our classification of early asymptomatic neuiosyphihs) ^ The hus- 
band m Family 116 showed definite clinical evidence of neurosyphilis 
and a positive spinal fluid on admission, his wife developed a neuio- 
recuiience involving the optic nerve aftei insufficient treatment 

In the last foui families of the table (118, 119, 107 and 120), tbe 
one who introduced syphilis was normal from the neurologic standpoint, 
while his marital partner whom he had infected developed asymptomatic 
neuiosyphihs It is of particular interest that the husbands in Families 
118 and 119 weie infected by tbe same prostitute, neither of them 
developed neuiosyphihs, but in both families the wives had positive 
spinal fluids without clinical signs 

LATE CEREBROSPINAL S\PniLTS 

In Table 6 appear the data regaiding this group of families, 
sixteen of which aie transfeired fiom our first papei (No 51 and 
below), while seventeen are new Of the thirty-four marital partners 
of thirty-thiee neurosyphihtic persons, nine were noimal and twenty- 
five. 01 73 5 per cent , were syphilitic Seven of the syphilitic paitneis, 
or 28 pel cent, had neuiosyphihs In four families (71, 60, 67 and 
62), the one intioducing syphilis did not show any evidence of nervous 
system damage, although the infected partner was neurosyphihtic The 
type of neuiosyphihs in the paitner was loughly similar to that m the 
original patient in two families, dissimilar in one, and asymptomatic 
in the remaining foui 

A summary of the families with eaily and late cerebiospinal sypbilis 
IS given in Table 7 Sti iking difterences fiom tbe paienchymatous 
group, both as to the incidence of s}phihs and of neurosyphilis in the 
paitners, are evident Further attention will be dnected to this point 

TYPES OF CONJUGAL NEUROSYPHILIS IN MARITAL PARTNERS 

The value of loutine spinal puncture m this type of study is 
admirably shown by the data summed up in Table 8 Of thirty-two 
cases of neuiosyphihs in marital paitners, no less than nine, or 26 1 
per cent , would have been overlooked had not this procedure been 
employed It is furthei evident that conjugal neurosyphilis of the 
same general clinical type is fairly common The asymptomatic part- 

3 Moore, J E Studies in Asj mptomatic Neiirosjphilis II The 
Classification, Treatment, and ProRiiosis of Earl> Asymptomatic Neuro- 
syphihs. Bull Johns Hopkins Hosp 33 231, 1922 
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IS that a neurosyphilitic person may be infectious o^er long periods of 
time, since of eleven of such patients infected moie than }ears 
before mariiage, four tiansmitted the disease to their spouses Three 
of these weie paretic or tabetic, demonstrating that in these instances, 
at least, the invading organism had attacked not only the central ner\ ous 
system, but was also capable of pioducing lesions elsewhere (skin, 
mucosa, or testis), thus providing for egress of the organisili from the 
host and piopagation of the stiain These instances meet the obiection 
laised by the antagonists of neurotropism, namely, that a strain of 
organism invading chiefly the nervous system must soon disappear 
because of its inability to leach the exteiior and reproduce itself It 
IS obvious that in many patients with parenchymatous neurosyphilis 
other organs than the nervous system may be, and sometimes are, 
involved 

T\ble 9 — Dtiiafion of Syphilis in Oitgmally Infected Patfnci in Relation to 
Time of Mainage and Status of Health of Sponie 


Status of Wife or Husband 

^ K 

PnTeiicbyniatoii*^ Group w ith Lnto 



Group Cerebrospinnl Svphilis 

Tot'll 

X 

r 

Per Per 

Per- 


Duration of 



eontage 



centage 



centage 

Syphilis in 

Kor- 

Sjphi 

Syphi 

Kor 

Sypbi 

Syphi- 

Nor 

Syphi- 

Syphi 

One Introducing Syphilis 
More than 10 years before 

mal 

litic 

litie 

mal 

litic 

litic 

mal 

litic 

litic 

marriage 

3 

2 

40 0 

1 

1 

500 

4 

3 

42 8 

Prom 6 to 10 years before 

3 

1 

21 0 




3 

1 

33 3 

Prom 1 to 5 years before 

6 

8 

571 

2 

7 

77 7 

8 

15 

(0 2 

Tear of marriage 


S 

lOOO 

2 

2 

50 0 

2 

5 

71 4 

After marriage 

1 

5 

83 S 

2 

7 

77 7 

3 

12 

800 

Duration unknown 

11 

17 

62 9 

2 

8 

80 0 

13 

25 

03 7 


The average duration of syphilis in the original patient of the 
paretic group was 16 6 yeais, in the tabetic, 17 2 yeais (combined 
average for the parench3aHatous group, 16 9 yeais) , in the late ceie- 
brospmal group, on the contrary, it was 10 6 years This indicates 
that in general neuiologic symptoms appear some years eailiei in 
diffuse than in paiench>matous neui osyphilis It also raises the 
question, however, as to how many of the patients whose disease was 
diagnosed as cerebrospinal syphilis on admission would have developed 
tabes or paresis if allowed to go untreated If the transition from one 
group to the othei is common, our conclusions as to the \arying 
incidence of conjugal neui osyphihs in the two groups are piobably at 
fault This point cannot be anSAvered definitely , we can onlj sa} that 
in our experience such a tiansition in the type of neuiosyphihtic disease 
IS uncommon 

4 Fournier, A Traitement de la syphilis, Pans, Vigot Freres, 1909, 
p 442 Fournier has made almost prcciseK the same obser\ation 
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ners of the parenchymatous group all showed spinal fluids of our 
Group 3 type (abnoimahties usually present in paretic fluids) ® and are 
probably to be regaided as candidates for future parenchymatous 
neurosyphihs In general, furthermore, the asymptomatic partners of 
the patients with cerebrospinal syphilis would be classed in our 
Group 2,® which we regard as the serologic precursor of clinical diffuse 
cerebrospinal syphilis If these piedictions as to future course are 
coirect, then conjugal neurosyphihs of the same type is even more 
frequent than is indicated hy the table The material is too small to 
permit any comparisons between the parenchymatous and cerebrospinal 
groups, although it is our impression, unfortified by figures, that 


Table 7 — Snmmmy of Faimlies imth Cct ebi osptual Syphilis 


Partners Per 




Number 


'lotnl 

Per- 

Probably centage of 



of 

Number 

Number 

centage 

or 

Syphilitic 


Rumber 

Partners 

of 

of 

of 

Certainly 

Partners 


of 

Exam 

Partners 

Partners 

Partners 

Ncuro 

with Nenro 


Pamilics 

ined 

Norma] 

Sipbilitic 

Sjphilitic 

Sjpbilitic 

syphiiis 

Farlj cerebrospiml 






20 0 

sjpbibs 

Late ceiebrospiinl 

18 

18 

3 

15 

830 

3 

28 0 

syphilis 

33 

34 

9 

25 

73 5 

7 

Total 

51 

52 

12 

40 

76 5 

10 

25 0 


Table 8 — Types of Conjugal Ncwosyphilis Obscivcd in 111 Families 


^eurosvphilitic Disease in 
Person Introducing Svphilis 
Parenchymatous (paresis or tabesl 
Cerebrospinal (early or late) 


Number 

of 

Type of 
Neurosyphihs 

Neuro 

Neuro 

Instances 

in Partner 

syphilis 

of 

Probably Similar 

jn 

Svphilis 

Conjugal 

to Tliat in 

Partner 

in 

Neuro 

the One Intro 

Dissimilar 

Partner 

syphilis 

during Syphilis 

in Type 

Asymptomatic 

22 

8 

9 

5 

10 

4 

2 

4 


parenchymatous neurosyphihs is more common among the partners of 
paretic and tabetic persons than among those of persons with cerebro- 
spinal syphilis 

RELATION OF SYPHILIS IN MARITAL PARTNER TO TIME OF 
MARRIAGE AND DURATION OF INFECTION IN 
ORIGINAL partner 

The data i elating to these points are summed up in Table 9 As 
in our first paper, it is shown that the danger of infection for the 
partner increases as the date of infection in the one introducing syphilis 
approaches the >ear of marriage The group of families with early 
cerebrospinal syphilis is purposely omitted, since here recent infection 
was common m both the person acquiring syphilis and in the marital 
partner A point of consideiable interest appearing from this material 
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foul women, the male, as usual, being the member to introduce syphilis 
into the family The small number of male partners precludes any 
accurate comparison The data as to the females, however, are shoun 
in Table 11 

In about 2,500 syphilitic women, whites and negi esses, representing 
all stages of the disease, the incidence of all types of clinical neuio- 
syphilis IS 6 47 per cent As is shown by the table, an additional 
18 2 per cent of women (with early and late syphilis) without definite 
neuiologic signs jDresent definite abnormalities m the cerebrospinal fluid 
It may be fairly stated, therefore, that in a large unselected group of 
women with syphilis, the incidence of neurosyphilis, clinical or asymp- 
tomatic, IS approximately 25 per cent 

The incidence of neurosyphilis among the wives of men with 
parenchymatous neurosyphilis is more than twice as great as in the 

Tabix 11 — Actual Inctdencc of N eui osyfhths Among IVwcs of Nciu osyphihttc 
Men, Compared with Expected Incidence m an Undetected 
Gt oup of IVonien 






Number of 

Percentage 



Total 

Number of 

Women 

Incidence of 



Number of 

Women 

Nenro 

Ncuro 


Group 

Women 

Syphilitic 

syphilitic 

syphilis 

Partners oi parenchymatous nourosyphilitic 


persons 

52 

32 

19 

57 5 

Partners of cerebrospinal syphilitic persons 

12 

22 

9 

281 


' Clinical ncurosjphllis 


2138 

158 

6 47 

Unselected 

Asympto- ( Early sypliills 


112 

25 

22 1 1 

Group of 

matic ncuro { 




i 18 2 

Female 

syphilis 1 I ate syphilis 


223 

38 

1(12 j 

Syphilitics 

1 'lotil 
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unselected group In the wives of men with cerebrospinal neurosyphilis 
It IS only half that of the parenchymatous group and only slightly 
greater than in the unselected series A study of these figures renders 
it difficult to escape the conclusion that there is a neurotropic strain of 
Spitochaeta palhda, which has a special predilection foi nervous tissue, 
and that this strain of organism tends especially to cause parenchy- 
matous neurosyphilis 

It has been apparent throughout this paper that marked differences 
exist between the parenchymatous and the cerebrospinal groups In 
order to determine whether these differences aie found only in our 
own material or in that of other investigators as well, we have compared 
our data with those of Plant and Goring,^ Schacherl,^ Raven,'’ and 

7 Plaut, F, and Goring, M H Untersuchungen an Kindtrn und 
Ehegatten von Paraljiiikern, Munchen med Wchnschr 58 1959, 1911 

8 Schacherl, M Ueber Luetikerfamilicn, Jahr f Psycbiat u Neurol 
36 521, 1914 

9 Raven, W Serologische nnd Khnische Untersuchungen bei S. ])hi- 
htiker-familien, Deytsch Ztscbr f Ner\cnh 51 3'12 1914 
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LESIONS OF EARLY SYPHILIS IN THE MARITAL PARTNERS OF 
PERSONS WITH NEUROSYPHILIS 

Prominent among others, Fournier ° has called attention to the fact 
that in neurosyphihtic persons, particularly in paretic patients, earlv 
lesions of syphilis are often conspicuous by their absence In our 
first paper ^ attention was drawn to this point in the partners of neuro- 
syphilitic persons Complete latency of infection was the rule among 
the syphilitic partners of parenchymatous neurosyphihtic patients, 
while of the spouses of patients with cerebrospinal syphilis, two thirds 
had shown manifestations of the disease outside the nervous system 
The material provided by our total. 111 families, summed up in 
Table 10, shows this striking discrepancy Of the syphilitic partners 
of persons with paienchymatous neurosyphihs, less than one third had 
had obvious lesions of the disease, while among the partners of persons 
with cerebrospinal syphilis, more than two thirds had had definite 


T\ble 10 — Lesions of Syphilis Oiho Than N cn> osyphilis in Marital Paihiers 

of N cm osvphilitic Pet sons 


History or Lesions of Percennge Percentage 

Total Syphilis in Partners Complete of of 

Type of Number , » — , Latency of Syphilitic Partners 

^eurosyphlIltlc of Early Infection Partners Shoeing 

Disease m Person Partners (Primarj or Late (E\cept for ■nitli Complete 
Introducing Syphilis Svphilitic Secondarj) (Tertiarj) Ncuros\phiIis) Lesions Latency 
Parenchymatous 38 9 3 20 31 5 68 5 

Earlj cerebrospinal 15 11 4 73 4 20 6 

L ite cerebrospinal 20 l'> 3 8 69 3 307 


early lesions This difference in the general course of syphilis, together 
with the other points of variance already mentioned, suggests a quite 
different pathogenesis for the two mam types of neui osyphihtic disease, 
either due to diffeience in strain of organism or to similar differences 
in the defense mechanism of groups of persons 

COMMENT 

It IS not permissible to draw conclusions as to the probable frequency 
of conjugal neurosyphihs until a comparison has been instituted between 
the percentage of incidence of neui osyphilis m the partners of neuro- 
syphihtic persons and m an unselected class of syphilitic patients whose 
disease is appi oximately of the same duration Fortunately, an accurate 
comparison may be made with unselected material from our own clinic, 
the details of which have been reported in previous papers ® Of the 
total 113 partners of our 111 families, nineteen were men and nmety- 

5 Fournier, A Paralysie generale et syphilis, Pans, Masson et Cie, 1905 

6 Moore, J E Studies in Asymptomatic Neurosyphihs III 
Apparent Influence of Pregnancy on the Incidence of Neurosyphihs in Women, 
Arch Int Med 30 548 (Nov ) 1922 Also Footnote 3 
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is not limited to the first two or three years of the disease, when obvious 
external lesions are not infrequent, but may extend o^er a long peiiod 
of years In Family 38 (fiist paper), the wife was infected by hei 
husband, who had acquiied S 3 '^phihs thiiteen yeais prior to marriage, 
m Family 80, infection in the husband antedated mariiage by ten 
and one-half years In these instances and in others which have come 
to oui attention, the absence of demonstrable infectious lesions oi a 
history of them in the one introducing syphilis leads to the piesumption 
of the probability of seminal infection, although the lack of adequate 
experimental demonstration of the infectiousness of seminal fluid in 
late syphilis is recognized as a drawback to this hypothesis 

As for the course of syphilis in the paitneis of persons with 
cerebrospinal syphilis, the case is not so clear The incidence of 
neui osyphihs is here only slightly higher than in an unselected group 
of syphilitic patients, the difference m peicentages being within the 
limits of probable error It is possible that diffuse cerebrospinal 
syphilis IS caused by a second neurotropic strain of organism capable 
of invading the nervous system, but also prone to involve other oigans, 
particularly at the beginning of the disease On the other hand, it is 
more probable that this type of neui osyphihs may be caused by an 
undifferentiated strain of spirochete capable of producing lesions any- 
where in the body 

Although the data submitted in this paper offer some evidence of 
the possible neurotropism of a strain of Spnochaeta pallida, it must 
not be f 01 gotten that other factors in a given peison or family may 
stiongly influence the probability of pai enchymatous neurosyphilis 
We have offered evidence to show that familial piedisposition certainly 
plays some role The three families reported in oui second paper 
included eight members, all of whom acquiied syphilis at different times 
and from different sources, yet all developed neurosyphilis Since the 
publication of this paper, two additional families have come to light 
among our mateiial In the first, two brotheis, acquiring syphilis from 
different women, at widely separated dates, have geneial paresis In 
the second family, the father acquired syphilis in 1900 and died in 
1918 of paiesis, his son contracted the disease in 1919, and in 1923 
has typical taboparesis The fact that m five families such an occur- 
rence has been observed is too striking foi meie coincidence In certain 
families the nervous system must be considered as a locus minoris 
resistentae This point, frequently mentioned by older syphilologists, 
has appaiently been lost sight of in recent years 

11 Moore, J E, and Keidel, A Studies in Famiiial Neuros^ philis II 
Familial Neurosyphilis from Various Extrafamilial Sources, JAMA 80 
818 (March 24) 1923 
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Seelert It was pointed out m our first paper that the communications 
from these investigators weie the most satisfactory m the literature 
and that they differed from our own work only m their failure to 
employ spinal puncture as a routine method of study This omission 
certainly results in failure to detect an occasional case of asymptomatic 
neurosyphilis, so that our own peicentages of conjugal neurosyphilis 
are throughout somewhat higher than those of any of these authors 
Unfortunately, no more lecent studies from other clinics are available 
for comparison In Table 12, however, is shown a compaiison of our 
material with the combined figures of these four wi iters The same 
discrepancies in the two gioup types of neurosyphilis are evident in 


Table 12 — Compm ison of AntlioVs Materia! zviih That of Four Othci Authors 


JX intnl Partner Percentage 


Tjpe of Neuro 
syphilis in Person 


Total 

Num 

ber 

of 

Pami 
lies 
r\ iin 

Kuniber^ 

of 

Marital 

Part- 

ners 

X'xaiii 

Kor 

Pound to be Per 

’ iccntage 

Certainly of 
Total or Total 

Kum Probably Part- 
ber Keuro ners 
Syphi- syphi Syphi 

of Syphi 
litic 

Partners 

Who 

Were 

^euro 

syphi 

Introducing Sjphilis 

Reporter 

ined 

ined 

mal 

litic 

lltlC 

litic 

litic 

Parenchymatous 

Combined figures 
of Plant and 
Goring, Schacli 
crl, Raicn, and 
Seelert 

203 

190 

72 

127 

53 

63 8 

417 

general paresis or 
tabes dorsalis 

Combined figures 
of Moore and 
Keidel and the 
present study 

0» 

C6 

24 

42 

26 

638 

619 


lotal 

2f)8 

265 

96 

169 

19 

637 

46 7 

1 

Honparcnchymatous 
Early or late | 

Combined figuies 
of Schacherl and 
Rayen 

27 

27 

3 

24 

R 

88 8 

333 

meningovascular 

neurosyphilis 

“Cerebrospinal 

syphilis’’ 

Combined figures 
of Moore and 
Keidel, and the 
present study 

51 

52 

» 

12 

40 

10 

TG 5 

25 0 


Total 

7S 

70 

15 

64 

IS 

81 0 

2S 1 


both sets of statistics and in a combination of the two Neurosyphilis 
IS almost twice as frequent among the partneis of tabetic and paretic 
persons as in the spouses of those Avith cerebrospinal syphilis 

It IS at least strongly indicated by these facts that parenchymatous 
neurosyphilis is caused by a special strain of Spit ochaeta pallida, which 
invades chiefly the nervous system but is also capable of involving 
such other organs of the bod)'^ (skin, mucous membranes or male 
generative apparatus) as may provide for a mode of egiess, infection 
of others and propagation of the strain It is suggested by a study 
of some of our families that the infectivity of this hypothetic strain 

10 Seelert, H Untersuchungen der Familienangehorigen von Para- 
Ijtikern und Tabikern auf Syphilis, Monatschr f Psychiat u Neurol 41 329, 
1917 
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veneieal spiiochetosis in rabbits It is possible to solve this problem 
thiough experimental syphilis in labbits, but much more piolonged 
and careful work than has yet been done is necessaiy 

SUMMARY AND CONCLUSIONS 

1 I he complete loutine physical, neurologic and seiologic examina- 
tion of 113 marital paitneis of 111 neurosyphihtic peisons are lepoited 

2 Of the sixty spouses of paretic and tabetic peisons, about two- 
thirds weie syphilitic Of these syphilitic spouses, 57 per cent were 
neui osyphihtic 

3 In eighteen families, the entrance of syphilis was of recent date, 
and one membei had eaily cei ebrospinal syphilis (clinical or as3mip- 
tomatic) Fifteen of the eighteen partners had also recently acquired 
the infection, but, although presumably infected by the same strain 
causing neurosyphihs in the original member, only thiee of these wcie 
neurosyphihtic 

4 Among the maiital partners of patients with late ceiebiospinal 
syphilis, the incidence of syphilis was high, but that of neurosyphihs in 
the syphilitic partncis was low (28 per cent ) 

5 Conjugal neurosyphihs was observed in thirty-two instances, m 
nine of these being detected only because of the routine use of cerebro- 
spinal fluid examination Conjugal neurosyphihs of the same geneial 
clinical type was compaiatively fiequent 

6 Although the danger of infection for the spouse inci eases as the 
date of infection in the one acquiring syphilis approaches the year of 
maiiiage, it is shown that neui osyphihtic patients may be infectious for 
many yeais, in spite of the absence of demonstrable open lesions 

7 In two thirds of the syphilitic partners of persons with paienchy- 
matous neurosyphihs, the course of syphilitic infection had been com- 
pletely latent, while among the jiartners of cei ebrospinal neurosyphihtic 
persons, more than two thirds had had outspoken eaily oi late lesions of 
the disease 

8 It IS shown by our own material and by the data of otlier inves- 
tigators that the incidence of neurosyphihs among the partners of per- 
sons with paienchymatous neurosyphihs is more than twice as great as 
in a laige unselected gioup of women, although in the partners of per- 
sons with cerebrospinal syphilis, neurosyphihs is no more frequent than 
in the unselected gioup 

9 These data oflfei suggestive evidence of the existence of a neuro- 
tropic strain of Spv ochacta paUida as an etiologic factor in neurosyphihs 
of the parenchymatous type This hypothesis does not apply to diffuse 
cei ebrospinal syphilis, in which case evidence supporting the theory 
of special strain is lacking 
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The influence of the kind and amount of previous treatment on the 
incidence of parenchymatous neurosyphihs, so well illustrated by the 
classical figures of Mattauschek and Pilcz/^ cannot as ^et be evaluated 
for the arsphenamin era An inteival of many years must elapse before 
material sufficiently large to be of value can accumulate With regard 
to the data of this paper, howevei, it ma}^ be stated that of the syphilitic 
partners of neurosyphihtic patients, practically none had received any 
previous treatment , indeed, our examination was usually the first indi- 
cation that the person had syphilis 

Such other possible etiologic factois as the influence of pregnancy, 
alcoholism, stress of life and social level are, we think, fairl} well 
controlled in our material Even if these factois weie more largely 
operative m our series of spouses of neurosyphihtic peisons than m 
our unselected group of women, the differences in the incidence of 
neuiosyphihs in the two groups could not be eliminated 

It seems to us that from the clinical standpoint, at least, the question 
of neurotropism cannot be solved The statistics presented in this 
paper are more complete and more convincing than any heretofore 
published, and although we feel that further study along these same 
lines is of great practical value and will probably corroborate our own 
findings, multiplication of statistics will add little to the solution of the 
problem Clinical evidence such as we present can only suggest the 
existence of a neurotropic strain of spirochete, absolute proof rests 
on experiment 

Some animal experimentation has been carried out, notabl} by 
Noguchi, Reasoner,^® Plaut and Mulzer,^® and Levaditi and Mane 
The results obtained by the three first named, like our own clinical 
evidence, are only suggestive The experiments cai ried out by Levaditi 
and Mane are, as we have pointed out,“ together with Jahnel and 
Plaut and Mulzer,^” completely invalidated by the similarity of their 
neurotropic strain to Spv ochaefa cnmcuh, the organism of spontaneous 

12 Mattauschek and Pilcz Zweite Mitteilung uber 4,134 katamnestisch 
verfolgte Falle von luetischer Infektion, Ztschr f d ges Neurol u Psvchiat 
15 608, 1913 

13 Moore, T E Studies on the Influence of Pregnancy in Syphilis I 
The Course of Syphilitic Infection in Pregnant Women, Bull, Johns Hopkins 
Hosp 34 89, 1923 Also Footnote 6 

14 Noguchi, H. Morphological and Pathogenic Variations in Treponema 
pallidum, J Exper Med 15 201, 1912 

15 Reasoner, M A Some Phases of Experimental Syphilis with Special 
Reference to the Question of Strains, J A M A 67 1799 (Dec 16) 1916 

16 Plaut, F, and Mulzer, P Die Liquordiagnostik in Dienste der 
Experimentellen Kaninchensyphilis, Munchen med Wchnschr 69 496, 1922 

17 Levaditi, C, and Mane, A Etudes sur le treponeme de la paralysis 
generale, Ann de ITnst Pasteur 33 741, 1919 

18 Tahnel, F Das Problem der progressiven Paralyse, Ztschr f d ges. 
Neurol u Psychiat 76 166, 1922 
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BACTERIOLOGIC OBSERVATIONS ON ACUTE TONSIL- 
LITIS WITH REFERENCE TO EPIDEMIOL- 
OGY AND SUSCEPTIBILITY ->• 

ARTHUR L BLOOMFIELD, MD 

AND 

AUGUSTUS R FELTY, MD 

BALTIMORE 

Despite the gieat amount of information that has been assembled on 
the nature of infectious disease, many fundamental problems remain 
unsolved Among otheis, the question of just how existing balances 
between micro-organism and host are upset so as to lead to the spread 
of infection in epidemic form, demands explanation It is clear, for 
example, that all cases of lobai pneumonia may be traced back ulti- 
mately to a previous case or to a pneumococcus carrier, but just how 
and why such a earner will give rise to disease at one time and be 
harmless at another, is quite obscure Similai considerations apply to 
other infections 

The lack of exact information on this question may be due in a 
measure to the mode of attack which has been employed , when clinical 
epidemiologic studies have been adequate, exact bactenologic control 
has usually not been available, and, vice versa, exact bactenologic 
studies have usually been conducted under conditions inadequate to give 
the desired epidemiologic facts It has become apparent to students of 
infectious disease that the raeie accumulation of masses of statistics by 
health boards and insurance companies, while of inestimable value, 
fails to explain the intimate and essential details of the spread of bac- 
terial infection Attempts have been made recently by several men to 
attack the problem by means of experimental epidemics in animals^ 
which can be conti oiled both from the bactenologic and biometric stand- 
point, and facts of great importance and interest have been brought out , 

“''From the Biological Division of the Medical Clinic, Johns Hopkins 
University and Hospital 

"•■This IS the second of a series of papers on streptococcus infection with 
special reference to acute tonsillitis 

1 Amoss, H L J Exper Med 26 25 (July) 1922 Topley, W W C 
J Hygiene 19 350, 1920-1921 
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10 It IS pointed out that other factors than strain, such as familial 
predisposition, treatment, pregnancy and other conditions may be opera- 
tive in the etiology of neurosyphilis 

11 Although the clinical evidence in favoi of neurotiopism ofteied 
by this paper is suggestive, it must be confirmed by adequate laboratory 
investigations, which ai e not yet available 

12 The practical value of this work is self-evident Every marital 
partner of a neurosyphilitic patient is himself potentiall}- neurosyphihtic 
Routine examination of the spouse by all available means, including 
especially study of the cerebrospinal fluid, is essential 
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5 General epidemiologic observations with a view to defining 
epidemic and sporadic disease 

The present repoit deals with the bacteriology, tmd epidemiologic 
definition of acute tonsillitis 

B\CTERIOLOGIC OBSERVATIONS ON ACUTE TONSILLITIS 

In a previous paper, ^ we presented the results of a suney of this 
experimental group of people for the presence of beta hemolytic strep- 
tococcus at a time when streptococcus disease was not pre\ alent These 
obser'vations, made m September and October, 1922, ser\ed as a base 
line with which to compaie the findings m disease piesented below 
In brief, there weie 175 controls Of sixty-seven whose tonsils had 
been removed, 9 per cent showed a few scattered colonies of beta 
hemolytic streptococcus m the throat, whereas of 108 whose tonsils had 
not been removed, 37 per cent yielded the organisms, usually m laige 
numbers, from the tonsil crypts 

In the early pait of Octobei, tonsillitis began to occur m the group, 
and from that time until April 1, 1923, when the expeiiment vas con- 
cluded, there were in all thirty-nine cases - Their distribution m rela- 
tion to epidemiologic considerations will be discussed later, but it may 
be said now that no significant contact could be demonstrated between 
successive cases All of the patients were under close observation during 
the attack, for the most part m the wards, and they weie followed 
throughout the remainder of the season 

The method of study was essentially similar to that previously 
described in connection with the control observations ^ except that it did 
not seem advisable to probe the tonsil crypts during the acute stage of 
the tonsillitis Thiee cultures were taken from each patient by rubbing 
cotton swabs over (1) the postenoi pharyngeal wall, (2) the right 
tonsil, and (3) the left tonsil These swabs were diluted in broth from 
which blood-agar plates were poui'ed In studying the cultures, notes 
were made of the predominating type of bacteria, with especial lefer- 
ence to beta hemolytic streptococcus, the lelative and absolute numbers 
obtained in each culture, and the apparent identity of the vaiious col- 
onies of streptococci on the same plate Several colonies were fished 
from each plate and preserved for study The results of the cultures 
are summarized m Table 1, the first item m each case representing the 
culture made during the acute stage of the disease 

It was found, in the first place, that hemolytic streptococci are 
invariably predominant in the cultuies made during the active stage of 
the disease Furthermore, if cultures from the pharynx and from die 

2 The clinical features of these cases are discussed in another paper 

3 Bloomfield, A L , and Felty, A R Arch Int Med 
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ho^ve^er, the conditions of these experiments are so highly specialized 
that a certain amount of reservation must be exercised in transferring 
the conclusions to human infection 

It seemed that if an outbreak of disease among people could be 
studied with an accurac}’’ and rigidity of control approximating that 
attainable in an experimental epidemic, valuable information might be 
obtained Such an opportunity was available in the case of a limited 
group of people among whom there is each winter a high incidence of 
acute streptococcic tonsillitis This article concerns itself with a study 
of this group with the purpose, not only of obtaining exact information 
about the cause and epidemiolog}’^ of tonsillitis, but also of deducing if 
possible general conclusions about the mode of spread of bacterial 
infection 

The group which was studied comprised approximate!} 200 young 
women — members of the training school for nurses of the Johns Hop- 
kins Hospital Although segregated and readily available for controlled 
study, conditions as regards crow'^dmg and general environment W'ere in 
no w'ay different from those w^hicli obtain m the city at large These 
students are housed in several commodious buildings, not more than 
two live in one room, and there is free communication between the 
w hole group and the outside w^orld The only occasions w’^hen more or 
less general contact may exist are in the dining room, in class and at 
the daily assembly The general hygienic conditions are excellent 

Through the cooperation of the supervisors of nurses, it was pos- 
sible to obtain cultures at any time from the members of the group, to 
keep accurate records of the occurrence of tonsillitis and other infec- 
tions and to follow contacts 

It was assumed from our owm experience as w^ell as from observa- 
tions in tlie literature that acute tonsillitis is usually an infection caused 
by hemolytic streptococci of the beta type This supposition w^as con- 
firmed by the later work, as wull be pointed out The plan of study 
w^as briefl) as follow'^s 

1 A detailed surve} of the experimental group for hemolytic 
streptococci at a time wdien no acute streptococci disease was present 

2 A bacteriologic study of such cases of tonsillitis as might later 
occur in the group in order to determine wdiether (a) tonsillitis is an 
autogenous infection by a strain of streptococcus previously carried 
b} the person, and if so, the factors w^hich lead to a seasonal outbreak, 
or whether (&) tonsillitis is an exogenous infection due to some out- 
side strain or strains 

3 The relation of carriers and of contacts to the spread of tonsillitis 
in the group 

4 The relation of season, weather, other infections, etc , to the out- 
break of tonsillitis 
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tonsils aie compared, it is seen that the lattei in practically eveiy case 
yielded the bactena in puie oi almost pure culture and in tremendous 
ntimbeis, wheieas the phaiyngeal cultures weie less legular and as a 
rule showed many less hemolytic stieptococci This seems to indicate 
that the infection is primaiily tonsillai, with an overflow of bacteria to 
the still ounding raucous membianes Apait fiom the tonsil, the degiee 
of infection seems to depend on the extent of development of lymph- 
adenoid tissue in the thioat This is brought out by a group of six 
cases (Nos 23, 25, 30, 35, 36 and 38) occmrmg in people whose tonsils 
had been lemoved Under these conditions the disease affected bits of 
lymphoid tissue which lemamed in the tonsillar fossae and the small 
nodules |oiesent behind the posteiior pillais and sometimes on the 
posteiior phaiyngeal wall 

The hemolytic streptococci obtained were m eveiy case typical of 
the beta group, as defined by Smith and Blown'* There was a wide 
( 1 to 2 mm ) and total zone of hemolysis about the colony without any 
greenish or yellowish discoloiation Fuithermore, all the colonies in 
any one case appealed identical and whenever several weie tested they 
gave identical leactions, although they varied somewhat in appeal ance 
in different cases The biologic classification of the stiains will be 
taken up in detail in another paper 

Two further points should be stressed First, the number of 
hemolytic streptococci recoveied bore no lelationship to the severity of 
the clinical infection In seveial cases which weie mild, and which 
showed only slight redness and enlargement of the tonsils with swelling 
of the follicles and a transient rise in temperature of one or two degrees, 
the cultures yielded hemolytic streptococci almost pure, just as in the 
severe cases In the second place, in no culture fiom a condition which 
could not be diagnosed clinically as a definite tonsillitis were real beta 
hemolytic stieptococci recovered It appears, therefoie, that uppei 
respiratory tract infections, especially certain types of phaiyngitis, 
which are sometimes loosely spoken of as streptococcus thioats, aie not 
caused by real beta hemolytic stieptococci, but that organism confines 
its activity to clinically lecognizable infections of the lymphadenoid 
tissue, especially in the vicinity of the tonsils Furtheimore, a culture 
showing no beta hemolytic streptococci, if properly made, would be 
strong evidence against acute follicular tonsillitis and m favor of some 
other infection such as diphtheria or Vincent’s Angina 

In a previous paper,"* it was suggested that focal carnage of beta 
hemolytic streptococcus in the tonsil might date from a previous acute 
tonsillitis This opinion was based on cultural studies of healthy con- 
trols togethei with their histones It seemed of interest to check this 


4 Brown, J H Monograph No 9. Rockefeller Institute. 1919 



486 


ARCHIVES OF INTERNAL MEDICINE 


Table 1 — Occuience of Beta Hemolytic Streptococci in Cases of TonsiUiUs 

During the Disease and Latei 




Days After 

No of Beta Hemolytic Streptococci 


Case 

Date 

Onset of 

Kecovered from 

Remarks 



Disease 






Pharynx 

Eight Tonsil 

Left Tonsil 



1 

9/ 3/22 

4 

CO 

00 

00 



9/ 8/22 

9 

1% of plate 

Many 

00 

Patient ambulatorj 


1/30/23 

154 

2 colonies 

00* 

CO* 

3 

10/ 6/22 

2 

1 colony 

00 

CO 


4 

10/ 6/22 

2 

03 

00 

00 


6 

10/ 0/22 

2 

20 colonies 

00 

CO 



1/26/23 

112 

10% of plate 

5% of plate 

5% of plate 

Patient ambulatory 

6 

10/ 7/22 

2 

50% of plate 

CO 

00 

7 

10/ 9/22 

2 

Many 

00 

00 


1 

10/18/22 

11 1 

30% of plate 

03 

CO 

Patient ambulatory 


1/23/22 

109 

None 

20 colonies* 

None* 

8 

10/ 9/22 

2 

Many 

03 

00 


! 

lO/lb/22 

9 

Many 

00 

00 

Patient ambulatory 


1/24/23 

110 

None 

None* 

1 colony* 


1/26/23 

112 

None 

None* 

None* 


9 

10/18/22 

2 

10% of plate 

03 

CO 



1/23/23 

97 

None 

Many 

None 

Patient ambulatory 

10 

10/17/22 

2 

None 

00 

00 


1/24/23 

99 

1 None 

00* 

2 colonies* 

Patient ambulatory 

11 

10/30/22 

4 

[ Many 

00 

00 


12 

11/13/22 

3 

1 ^ ' 

00 

CO 



1/24/23 

78 

None 

Many* 

Pew* 

Patient ambulatory 

13 

10/19/22 

2 

Many 

Many 

Many 



1/23/23 

64 

None 

2 colonies* 

None* 

Patient ambulatory 

14 

11/23/22 

2 

None 

00 

00 



1/23/23 

61 

None 

None* 

None* 

Patient ambulatory 

15 

11/23/22 

2 

00 

00 

CO 



1/23/23 

61 

1 colony 

00* 

^ of plate 

Patient ambulatory 

16 

11/25/22 

2 

00 

00 

CO 


17 

12/ 2/22 

2 

25% of plate 

CO 

00 



1/30/23 

61 

None 

6 colonies* 

None* 

Patient ambulatory 

18 

12/ 6/22 

2 

00 

00 

00 


19 

12/ 9/22 

2 

Many 

00 

00 


20 

1/23/23 

55 

1 colonj 

50% of plate* 

00* 

Patient ambulatory 

1/ 4/23 

3 

00 

00 

00 


21 

1/ 5/23 

2 



i ^ 

00 


22 

1/ 6/23 

2 

00 

00 

00 


23 

1 / 6/23 

2 

00 

1 cof 

cot 

Tonsillectomy 11/’21 


3/20/23 

73 

None 

Nonet 

Nonet 

Patient ambulatory 

24 1 

1/ 6/23 

2 

00 

00 

1 00 


25 

1/12/23 

2 

00 

50% of platet 

— 

Tonsillectomy 14 


1/23/23 





years ago 


13 

Pew 

50% of platet 

30% of platet 

Patient ambulatory 

26 

3/20/23 

67 

None 

2 coloniest 

Nonet 


1/19/23 

2 

00 

00 

00 


27 

1/22/23 

3 

00 

00 

! CO 

1 


1/23/23 

4 

i °° 

1 00 

00 



1/24/23 

5 

00 

00 

CO 


28 

1/24/23 

3 

Many 

! 00 

i 00 


29 

1/25/23 

2 

1 

I 00 

00 


80 

1/21/23 

1 

1 ^ 

cof 

cof 

Tonsillectomy 8 yrs 

31 

1/29/23 

2 

CO 

00 

00 

ago 

32 

2/19/23 

2 

i ^ 

00 

00 

Picture not as out 

33 

34 

2/19/23 

2/26/23 

2 

50% of plate 

50% of plate 

50% of plate 

spoken as usual 

4 

None 

Many 

Many 

S5 

2/26/23 

2 

00 

cot 

cof 

Tonsillectomy 6 yrs 

36 

3/20/23 

24 

None 

Nonet 

Nonet 

'IgO 

Patient ambulatory 

2/26/23 

2 

00 

cof 

cof 

Tonsillectomy in 


3/20/23 

2/27/23 



March 1921 

37 

24 

2 

1 None 

1 

5% of platet 

CO 

5% of platet 

00 

Patient ambulatory 

38 

3/ 2/23 

2 

00 

cot 

cof 

Tonsillcctomylyear 

39 

3/ 4/23 ! 

2 

1 

00 



ago 

40 

3/ 9/23 

2 

CO 

CO 

00 



« indicates innumerable and almost pure culture, *, crypt culture, f, culture from tonsil 
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Table 2 — Duiatton of Persistence of Bela Hemolytic Sti cptococcus in Tonsil 

Crypts Following Acute Tonsillitis 


Days After Onset of 
Acute Infection That 
Culture Was Made I 

No of Cases 

! 

Beta Hemolytic Streptococcus ^ 

EemarLs 

Present 

Absent 

Nontonsillectomizcu 


1 

1 



Cases 1 



1 


125-154 1 

1 

1 

0 


lOd-125 

4 

3 ' 

1 


75-100 1 

3 

3 1 

0 


50- 75 

5 

5 1 

0 


0- 60 

40 

40 ! 

! i 

j 

0 


Tonsilleetomized 

Cases ' 


j 


73 

1 

0 

1 


67 

1 

1 i 

0 

Only 2 colonies recovered 

24 

2 

1 i 

1 


IS 

1 

1 

0 


0-5 1 

6 

1 ^ 

0 



Table 3 — Relation of Occinence of Acute Si> eptococcic Tonsillitis to Previous 

Sti eptococcus Caiiici State 


Case 

1 

Control Culture for 
Hemolytic Stretptococcus 

Culture During 

Acute Tonsillitis 

Days Between 
Control 
Culture and 
Onset of 
Tonsillitis 

Date 

Result 

Date 

1 

Result 1 

! 

1 

Not made 


8/30/22 

Positive 


3 

Not made 


10/ 6/22 

Positn e 


4 

9/25/22 

Negative 

10/ 6/22 

Positive 

11 

0 

9/30/22 

Negatne 

10/ 6/22 

Positive 

6 

6 

Not made 


10/ 7/22 

Positive 


7 

Not made 


10/ 9/22 

Positive 


S 

Not made 

1 

10/ 9/22 

Positive 


9 

9/12/22 

Negative 

9/18/22 

1 Positive 

36 

10 

9/ 7/22 

Negative 1 

10/17/22 

1 Positno 

40 

11 

9/23/22 

Negatne ' 

10/29/22 

1 Positive 

36 

12 

- 10/20/22 

Negative ' 

11/11/22 

Positive 

22 

13 

9/ 1/22 

Positive 

11/14/22 

Positive 

74 

14 

10/16/22 

Negative 

11/23/22 

Positia e 

38 

15 

10/18/22 

Negative 

11/23/22 

Positive 

36 

16 

10/10/22 

Negatn e 

11/25/22 

Positive 

46 

17 

9/17/22 

Negatne 

12/ 2/22 

Positive 

76 

18 

10/20/22 

Negative 

12/ 6/22 

Positive 

47 

19 

10/16/22 

Negative 

12/ 9/22 

Positive 

51 

20 

10/12/22 

Negatne 

1/ 4/23 

Positive 

84 

21 

9/29/22 

Negative i 

1/ 5/22 

Positive 

98 

22 

9/ 7/22 

Negative 1 

1/ 6/23 

Positive 

110 

23 

10/10/22 

Negative 

1/ 6/23 

Positive 

88 

24 

9/30/22 

Negative 

1/ 6/23 

Positive 

98 

25 

10/18/22 

Negative 

1/12/23 

Positive 

1 86 

26 

9/21/22 

Negative 

1/19/23 

: Positiae 

120 

27 

9/ 7/22 

Negative 

1/12/23 

Positive 

127 

28 

10/26'/22 

Negative 

1/22/23 

Positive 

98 

29 

9/12/22 

Negative 

1/25/23 

Positive 

145 

SO 

10/10/22 

Negative 

1/29/23 

PoBitne 

111 

31 

10/20/22 

Negative 

1/29/23 

Positive 

101 

32 

0/25/22 

Negative 

2/19/23 

Positive 

147 

33 

10/16/22 

Negative 

2/21/23 

Positive ! 

128 

34 

10/ 9/22 

Negative 

2 / 23/23 

Positive 

137 

35 

10/ 5/22 

Negative 

2/24/23 

Positive 

142 

36 

9/15/22 

Negative 

2/26/23 

Positive 

164 

37 

10/ 9'22 

Negative 

2 / 27/23 

Positive 1 

141 

38 

10/ 5/22 

Negative 

3/ 2/23 

Positive 

148 

39 

9/15/22 

Negative 

3/ 4/23 

Positive ' 

170 

40 

10/20/22 

Negative 

3/ 9/23 

1 

Positive 1 

170 
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point further by studying convalescents for the persistence of beta 
hemolytic streptococcus Brown, ^ working with surface throat cultures, 
found that early in convalescence from acute tonsillitis the real beta 
hemolytic types of streptococcus began to disappear and were replaced 
by alpha prime, alpha and green producing types A truer idea of 
persistence can, however, be obtained by cultures of aspirated crypt 
material Such a method applied in the present series showed that real 
beta hemolytic streptococcus persisted m the tonsils for long periods of 
time, although the pharynx cultures yielded only a few or none of the 
organisms A transition took place from conditions found m the acute 
infection to a focal tonsillar carriage On the other hand, in the six 
cases of acute streptococcus lymphadenoid infection in subjects whose 
tonsils had been removed, the organisms diminished and disappeared 
with relative rapidity The exact biologic relationship of streptococci 
recovered after various intervals from convalescents to the disease 
strain will be discussed m detail later, but it may be said now that a 
strain recovered as late as 154 days was identical with the original cul- 
ture made during the acute attack 

The details of the recultures are given in Table 1 and are sum- 
marized in Table 2 Of fifty-three cultures in nontonsillectomized cases 
made up to the one hundred and fifty-fourth day, only one was nega- 
tive (on the one hundred and twelfth day), whereas of eleven cultures 
made in tonsillectomized cases up to the seventy-third day, two had 
become negative (seventy-third day, twenty-fourth day), and one 
showed only two colonies (sixty-seventh day) It appears, then, that 
real beta hemolytic streptococci may persist m the tonsil for an indef- 
inite length of time after acute tonsillitis, but dies out rapidly on the 
free mucous membranes of the throat 

RELATION OF OCCURRENCE OF TONSILLITIS TO PREVIOUS 

CARRIER STATES 

One of the main objects of the present study was to determine 
whether acute tonsillitis is usually an autogenous infection from a strain 
already carried in the tonsils or whether it represents invasion by a 
fresh outside strain Control cultures had been made in the experi- 
mental group When cases of tonsillitis later began to appear it soon 
was obvious that the infection occurred in those who previously had not 
been carriers of beta hemolytic streptococcus, whereas the carriers with 
one exception failed to develop acute tonsillitis These facts are sum- 
marized in Table 3 It appears that of thirty-four people who devel- 
oped tonsillitis, only one was previously a carrier of the beta hemolytic 
streptococcus The interval between negative control culture and onset 
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4 No special clinical oi bacteriologic association could be demon- 
strated between successive cases of tonsillitis in the present group 

It 1 emains, then, to attempt to place the present outbreak in a proper 
epidemiologic setting Among the 175 members of the group there 
occLined, during six months, thirty-nine cases of tonsillitis — a rate of 
22 per cent A similar incidence of typhoid fever, scailet fever or many 
other acute infectious diseases would stimulate moie serious consideia- 
tion than a mild disease such as tonsillitis, but the pioblem remains of 
no less interest from a purely epidemiologic standpoint In biief, the 
point which it seemed desirable to settle was whether the piesent out- 
Dreak represented a true epidemic oi merely a large gioup of spoiadic 
cases 

If one considers the feature of extensive outbreaks of acute infec- 
tious disease which may be regaided as truly epidemic, two points aie 
outstanding First, there is invaiiably evidence of diiect spread from 
peison to pel son, second, if the exciting cause is a readily demonstiable 



one some alteration in the type of parasitism of the oigamsm in the 
community as a whole can be determined In a fulminating epidemic 
of meningitis, for example, there is clinical evidence of contact between 
patients and also a great increase m the general meningococcus carrier 
rate even among healthy noncontacts The epidemic, in short, is asso- 
ciated with a fundamental upset in the “normal” type of parasitism of 
the causal organism A similar state of affairs has been found in 
highly epidemic streptococcus infection in the military camps, in diph- 
theria and other infections 

In contrast to the foregoing, a widespread outbreak from a common 
source which is not an epidemic is shown in Figure 2 

The condition represented in Figure 2 might be illustrated by a 
water-borne outbreak of typhoid fever 

In sporadic disease, on the other hand, in its purest form conditions 
are quite different from those obtaining in a true epidemic There is no 
spread from case to case, but each instance of the disease arises fiom a 
distinct source, such as a chronic carrier Furthermore, there is no 
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of disease varied from five to 170 days The briefer intervals are of 
interest in so far as they may indicate that the streptococcus is not 
carried for any length of time before disease occurs 

In summaiy, then, in the present series tonsillitis was distinctly not 
an autogenous infection but resulted from invasion by an outside 
strain The strains concerned were not identical but, as will be shown 
later, fell into several groups 

It would be of great interest to determine the time of acquisition of 
the beta hemolytic streptococcus in relation to the onset of acute tonsil- 
litis in a number of cases, but this could only be done by making fie- 
quent cultuies in a susceptible gioup By chance a single obseivation 
was made which may be mentioned In Case 31 a control cultuie was 
made on Oct 18, 1922, which juelded no beta hemolytic streptococci 
On Jan 31, 1923, this patient entered the ward with a typical attack 
of influenza A throat cultuie now showed a few scattered colonies of 



Fig 1 — The essential features of an epidemic In this and m the following 
illustrations, 3' represents source and C case or carrier 

the beta hemolytic streptococcus There were no symptoms or evidence 
of tonsillitis On the following day, she developed a mild but definite 
acute follicular tonsillitis Culture now showed innumerable beta hemo- 
lytic streptococci in practically pure culture from both pharynx and 
tonsils In this case at least, the advent of the organism preceded the 
onset of the disease 

EPIDEMIOLOGIC DATA 

In the preceding sections, certain facts have been presented which 
may be briefly summarized 

1 Acute tonsillitis in the present group of cases was invariably an 
infection with beta hemolytic streptococci 

2 The disease affected almost uniformly a group of people who 
were not previously carriers of this organism 

3 Carriers, although equally exposed, did not develop acute tonsil- 
litis, except in one case 
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Figure 3 One might picture, on the one hand, a variety of possible 
souices of infection (carriers) in close contact with a group of suscep- 
tible people on the other The exact nature of susceptibility cannot be 
defined completely as yet, but in the present instance it has been possible 
to determine at least three factors, which will be discussed in the 
following section 


FACTORS CONCERNED IN RESISTANCE TO ACUTE TONSILLITIS 

An attempt was made to analyze further the factors which seemed 
to promote infection on the one hand or to decrease susceptibility on the 
other 

1 Relation of tonsillectomy to occurrence of acute streptococcic 
lymphadenoid infection of the throat It soon became appaient tliat 
the incidence of infection was lower m those members of the group 
whose tonsils had been removed Of the 184 subjects, 109 possessed 
their tonsils, whereas in seventy-five cases, they had been lemoved 
Among the former there were thirty-two instances of tonsillitis, an 
incidence of 30 per cent , among the latter, there were six cases, an inci- 
dence of 8 per cent 

The occurrence of “tonsillitis” m tonsillectomized and nontonsil- 
lectomized members of the group is represented below 


Total Number m Group 

1 ^ 

Tonsillectomized Nontonslllcctomlzcd 

lej jl09 

Oases of Tonsillitis 6 = 80% 32 = 30% 

It appears, then, that tonsillectomy definitely lenders a peison less 
susceptible to acute streptococcic infection of the lymphadenoid tissue 
of the throat, and the explanation seems obviously an anatomic one 
2 The relation of the streptococcus carrier state to susceptibility to 
tonsillitis As pointed out above, it was striking that those persons who 
already were tonsil carriers of the human type beta hemolytic stiepto- 
coccus failed to develop tonsillitis during the course of the present 
experiment except in one instance The incidence of tonsillitis in car- 
riers and noncarriers is presented graphically in the diagiam 


Total Nontonsllleetomlzed People In Whom 
Control Cultures Were Made 
104 


Carriers 

41 


Noncarriers 

63 


Oases of Tonsillitis 1 = 2 B% 


26 = 41% 


It appeared, therefore, that streptococcus carriage furnished a sound 
index of the likelihood of a person developing tonsillitis The question 
remained open, however, whether the presence of the streptococcus in 
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evidence of any alteration m the general state of parasitism of the 
exciting organism in the community at large Special susceptibility of 
the person is important rather than (possible) increased virulence of 
the bacteria Figure 3 illustrates pure sporadic disease 

Obviously there are transition stages between pure sporadic and true 
epidemic disease in which a variety of sources may give rise to small 
groups of cases, no individual unit acquiring great potential 

In the present outbreak of tonsillitis these possibilities deserved 
consideration 

1 A true epidemic with spread from case to case This possibility was 
ruled out by (a) absence of demonstrable clinical contact between successive 
or coincident cases, and (b) by the variety of strains of streptococcus 
concerned 



Fig 3 — Pure sporadic disease 



Fig 4 — Transition stages between pure sporadic and true epidemic disease 

2 A common infection from a single source such as a corner This pos- 
sibility was ruled out by the multiplicity of strains 

3 Infection of successive persons from a series of distinct sources, such 
as a group of carriers This was undoubtedly the case in the present outbreak, 
as IS shown by the following facts 

1 The known presence in the group of a large number of potential sources 
of infection m the form of chronic streptococcus carriers 

2 The absence of evidence of contact between cases 

3 The fact that a variety of strains (at least four) were concerned with 
the production of the disease 

4 The absence of any alteration in the general type of streptococcus para- 
sitism in the group as a whole when streptococcus disease became prevalent 
as has been pointed out in a previous paper’ 

In brief, then, despite the large number of cases, the outbreak con- 
sisted of multiple instances of sporadic infection, as illustrated m 
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expressed by saying that if a person reaches the age of 20 years 
(approximately) without having had tonsillitis, the chances of acquir- 
ing the infection later are relatively slight 

The entile question of susceptibility, as brought out in the present 
study, may then be summarized as follows In a group of young adults 
there are a certain number who seem to be “naturally” insusceptible or 
relatively insusceptible to acute streptococcic infection of the lymphoid 


Table 4 — Intci-val Between Present and Pievious Attack of Tonsillitis 


Case 

Previous Attack 

! 

Present Attack 

i 

Interval 

19 

1 August, 1922 

December, 1922 

1 

1 4 months 

13 1 

' February, 1922 

November, 1922 

9 months 

10 1 

i November, 1921 

October, 1922 

11 months 

24 

1922 

1923 

12 months 

32 

Pebriniy, 1922 

February, 1923 

12 months 

39 

November, 1921 

March, 1923 

10 months 

37 

October, 1921 

February, 1923 

17 months 

34 

October, 1921 

February, 1923 

17 months 

22 

M a roll, 1921 

January, 1923 

22 months 

31 

February, 1921 

February, 1923 

2 years 

14 

1920 

1922 

2 years 

15 

1920 

1922 

2 years 

28 

1919 

1913 

4 years 

1 

1917 

1922 

5 y'cars 

27 

, 1913 

1923 

10 years 

29 

1 1913 

1923 

10 years 

11 

1 1908 

1922 

14 years 

26 

1 Childhood 

1922 

15 plus years 

10 

' “Years ago" 

1922 

? years 

4 

“None recently’’ 

1922 

? years 


tissue in the throat Such insusceptibility is enhanced by tonsillectomy, 
and in any case tonsillectomy confers a high degree of protection 
Among people not naturally insusceptible, a temporary protection is con- 
ferred by the carriage of streptococcus following an acute infection 
The subsidence of the carrier state in this group is, however, followed 
by a prompt increase in susceptibility All the factois are assembled in 
the following diagram 


Total Number in Group 
1V9 

I 


No History of Previous Tonsillitis History of Previous Tonsillitis 

52 12ir 


Tonsillectomy No Tonsillectomy 

14 38 


Tonsillectomy 

63 


No Tonsillectomy 
64 


Oases of 
Tonsillitis 
in Present 
Experiment 0 


1 

1 

K . 

Carriers Noncarriers 

t 

Carriers Noncarners 

9 29 

30 34 

j j 

0 6 = 17% 0: 

= 9 5% 1 J 3 3% 21 = 02% 


History 

Tonsillectomy 

Carriage 

0 

+ 

0 

0 

0 

+ 

+ 

0 

4" 

■f" 

+ 

0 

0 

0 

0 


0 

0 


Number of 
People 
14 
9 
30 
63 
29 
34 


Incidence of 
Tonsillitis 
0 
0 

3 3% 

9 

17 07o 
62 07<, 
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itself conferred protection, or whethei the streptococcus merely indi- 
cated some other or previous reaction, such as an attack of tonsillitis, 
which had led to the development of a certain degree of immunity It 
was decided to test the latter hypothesis on the following supposition 
If the presence of streptococcus in itself was not responsible for pro- 
tection, and if lack of susceptibility were due to protection conferred 
by passing through an attack of tonsillitis of which the streptococcus 
was merely an indication, then the more recent the attack of tonsillitis 
the greater one would expect the protection to be The group of sixty- 
three nontonsillectomized noncarriers was therefore analyzed in regard 
to the relation of history of previous tonsillitis to occurrence or non- 
occurrence of tonsillitis during the course of the present experiment 
The results are shown in the following diagram 

Tot'll Number of Nontonsillectomized Noncarriers 
63 
1 

1 1 

No Histori of Previous Tons llitis History of Previous Tonsillitis 

29l |34 

Cases of Tonsillitis in | j 

Present Evperiment 5 = 1T% 21 = 62% 

The results are the opposite of what would be expected if the 
previous attack of tonsillitis conferred protection apart from continued 
carriage of streptococcus In other words, of those people who are not 
carriers at a given time, those who have never had tonsillitis and there- 
fore have probably never been carriers are less susceptible , conversely, it 
must be concluded that in so far as insusceptibility runs parallel to 
streptococcus carriage such insusceptibility must depend directly on- the 
presence of the streptococcus One may think of the carried organisms 
as keeping up a sort of chronic vaccination, the protective eftects of 
which wear off rapidly when the carriage ceases This view is sup- 
ported by the facts presented in Table 4, which shows the interval 
elapsing between the present attack and the preceding one It is seen 
that in a good many cases the streptococci had disappeared and 
immunity had worn off within a few months to two years after the 
previous attack 

3 “Natural” resistance A further examination of the diagram 
indicates that people with no history of tonsillitis m the past showed 
much less tendency to develop the disease in the present experiment 
than a similar group with positive past history This would seem to 
mean that certain persons possess naturally a lower degree of suscep- 
tibility to this type of streptococcus infection than others Whether 
this relative degree of immunity is inherent and natural, whether it is 
acquired m an unrecognizable way, or whether it depends on anatomic 
( onditions, it does not seem profitable to discuss at the present time At 
any rate, the fact is definite, and for clinical purposes may best be 



ELECTROCARDIOGRAPHIC CHANGES FOLLOWING 
OCCLUSION OF THE LEFT CORONARY 

ARTERY =■ 

FRED M SMITH, MD 

CHICAGO 

In 1918, an investigation’- was reported in which an electrocaidio- 
graphic study was made on the dog following the ligation of the 
coronary arteries The changes in the T-deflection subsequent to the 
closure of branches of the left coronary artery were the most con- 
stant findings Immediately following the ligation, this deflection 
became more piominent, and the height that it assumed apparently 
depended on the degree to which the circulation to the left ventiicle 
was disturbed After the closure of the descending or circumflex 
branches the amplitude of the T-wave occasionally approached and in 
a few instances even exceeded that of the R-deflection The increase 
in the amplitude of the T-wave has repeatedly been observed in later 
work in which it was necessary to ligate branches of the left coronary 
artery 

Within twenty-foui hours the T-deflection became sharply negative 
The extent to which this wave became a negative phase and the duration 
of this state likewise seemed to depend on the size of the vessel ligated 
Following the closure of either of the mam branches of the left coro- 
nary artery, the T-wave usually became negative in each of the three 
leads and remained in this condition for three or four days The 
extent of the downward deflection gradually became less, and by the 
sixth or eighth day had changed to a positive phase in lead I, later in 
lead II and finally in lead HI The order of the deiivations in which 
the T-wave changed to an upward deflection was occasionally reversed 

The negative feature of the T-deflection was checked up in a subse- 
quent investigation - In those instances in which the T-wave failed to 
become negative following the hgation of branches of the left coronary 
artery there was an extensive collateral circulation which had almost 
eliminated the formation of an area of infarction 

*Read before the American Society for Clinical Investigation, Atlantic 
City, N J , April 30, 1923 

From the Department of Medicine of Rush Medical College and the 
Presbyterian Hospital 

1 Smith, Fred M The Ligation of Coronary Arteries with Electro- 
cardiographic Study, Arch Int Med 22 8 (July) 1918 

2 Smith, Fred M Further Observations on the T-Wave of the Electro- 
cardiogram of the Dog Following the Ligation of the Coronary Arteries, 
Arch Int Med 25 673 (June) 1920 
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SUMMARY 

1 In the present senes of cases acute follicular tonsillitis was uni- 
formly due to the beta hemolytic type of streptococci 

2 Following the acute disease, the organisms persist for an indef- 
inite length of time in the tonsils 

3 Evidence is presented to show that a large outbreak of tonsillitis 
was not a real epidemic but a group of sporadic cases 

4 Tonsillectomy confers a high degree of protection against acute 
streptococcic infection of the lymphoid tissue of the throat 

5 A certain number of persons in a group seem “naturally” insus 
ceptible or relatively insusceptible to tonsillitis 

6 Tonsillitis IS not as a rule an autogenous infection but occurs 
in people not already cairiers of hemolytic streptococci 
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leads Two o£ the patients studied by Robinson and Herunann gave 
elect: ocardiograms in which the final ventricular deflection was nega- 
tive after the coronary accident In the one whom frequent curves 
were taken, the transition in the form of the T-wave was similar to 
that produced experimentally in the dog 

Wearn’’ has recently reported a study of 'nineteen cases of cardiac 
infaiction which came to necropsy In ten, elect: ocardiogiams were 
taken In eight, only one record was made Weain noted that the 
disturbance in the T-wave and a decrease in the amplitude of the QRS 
deflections were the most constant findings In all ten patients there 
was an alteiation of the T-wave in at least one lead He particularly 
mentioned the frequency of the change m this deflection in leads I 
and II In one, the T-wave in lead II arose from the descending limb 
of the R-deflection as in the patient reported by Pardee This curve 
was taken on the first day aftei the onset of the cardiac accident 

The amplitude of the QRS waves was diminished m the curves of 
five of the ten patients In some instances this feature was so marked 
that the deflections wei e almost iso-electric 

CORONARY OCCLUSION IN MAN 

This repoit is based on the electrocardiographic findings of eleven 
patients In one, the descending branch of the left coronary artery 
was ligated in the repair of a self-inflicted stab wound of the heart 
The lemaimng ten had the typical clinical manifestations of coionary 
arteiy occlusion In two the diagnosis was verified at necropsy Eight 
lecovered from the attack In eight of these eleven patients, three or 
more electrocardiograms were taken 

Case 1 — H S aged 44, entered the Cook County Hospital on Aug 3, 1920 
Shortly after entering the hospital he attempted suicide by stabbing himself 
in the precordial region with a sixteen penny casing nail He was found by 
the intern in a state of collapse and rushed to the operating room Dr George 
L Davenport exposed the heart under local anesthesia and found blood spurt- 
ing from a wound in the heart just to the left of the descending branch of 
the left coronary artery at the level of the middle tliird In the repair of the 
wound Dr Davenport found it necessary to ligate the artery The patient 
made an uneventful recovery On the nineteenth day following the operation 
the patient reported to the Presbyterian Hospital for an electrocardiogram 
The T-wave (Fig 1 a) was negative in each of the three leads The second 
curve (Fig 1 h) was taken seventeen days later The final ventricular deflec- 
tion was less negative The third electrocardiogram (Fig 1 c), which was 
taken fifty-nine days after the operation, was similar to the second The 
fourth record was made nine months after the operation At this time the 
T-wave was a positive phase in the leads I and H 

7 Wearn, J T Thrombosis of the Coronary Arteries with Infarction of 
Heart, Am J M Sc 165 25, 1923 

8 This patient is to be reported more in detail b> Dr Davenport 
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The decrease in the amplitude of the QRS group that followed the 
ligation of the branches of the left coronary artery was only casually 
mentioned in the first report The curves taken during this investi- 
gation have since been reviewed It was noted that ten animals 
lecovered from the ligation of the descending branch, six the circum- 
flex branch of the left coronary artery and thirteen the combined closure 
of one or more branches of these two vessels The electrocardiograms 
of twelve showed a diminished amplitude of the QRS group This 
change m the electrocardiogi am followed the closure of the circumflex 
in SIX (100 per cent), the descending branch of the left coronary 
111 two (20 per cent ) and the branches of each of these arteries m 
four (30 per cent ) 

The change in the amplitude of the initial ventricular deflections 
was observed as early as the second day after the operation In some 
It peisisted until necropsy In others the height of the deflections 
gradually returned to normal after two or three weeks 

During the time of the initial investigation, a patient consulted 
Dr Herrick,^ m whom he made a diagnosis of coronary thrombosis 
which was later venfied by necropsy This patient was first seen 
fifteen days following the coronary accident The electrocardiogram 
shoved a sharp negative T-deflection m leads I and II Ten days 
later the T-wave was less negative in leads I and II In the curve 
taken after a period of five months the amplitude of the QRS group 
was very low In the meantime, the patient had another attack of 
severe precordial pain which lasted for several hours At necropsy 
the descending branch of the left coronary artery and one of the main 
descending branches of the circumflex were occluded The thrombosis 
of the latter vessel was of recent origin There was an extensive 
fibrosis of the endocardial and subendocardial layeis which extended 
from the apex upward and involved the papillary muscles 

Since Dr Herrick’s report, Pardee, Robinson and Herrmann •' and 
Kahn ® have observed changes in the T-deflection following coronary 
occlusion in man The initial electrocardiogram was taken of the 
patient reported by Pardee about two hours after the onset of the 
cardiac pain The T-wave was very prominent in leads II and III 
and arose from the descending limb of the R-peak A few days later 
the T-deflection was a sharply negative phase in the corresponding 

3 Herrick, J B Thrombosis of the Coronary Arteries, JAMA 
72 387 (Feb 8) 1919 

4 Pardee, H E B An Electrocardiographic Sign of Coronary Artery 
Obstruction, Arch Int Med 26 224 (Aug ) 1920 

5 Robinson, G C , and Herrmann, G R Parox 3 'smal Tachycardia o 
Ventricular Origin, and Its Relation to Coronary Occlusion, Heart 8 59, 1921 

6 Kahn, M H Aneurysm of the Left Ventricle, Am J M Sc 163 839, 

1922 
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Case 2 — M F, aged SI, entered the Presbyterian Hospital in the serv’ice 
of Dr Irons on Jan 25, 1923 He complained of severe precordial pain and 
shortness of breath He stated that the pain first appeared while on the way 
to his business about 9 30 in the morning It became so severe that he was 
compelled to stop m a drug store for relief While here he collapsed and was 
taken to the hospital When he reached the hospital the pain was very severe 
and radiated to both arms There was in addition to the pain a sensation of 
great heaviness and constriction in the chest He was compelled to sit up 
because of the shortness of breath The patient was seen by Dr Irons soon 
after he entered the hospital, about 11 30 a m He was given, hypodermatic- 
ally, morphin sulphate, Vi ' grain The pain, however, continued through the 
afternoon and evening and morphin was repeated Shortly following the second 
hypodermic administration of morphin the patient went to sleep and had a 
fairly good night He, however, awakened in the morning with the same pre- 
cordial distress It gradually became less severe during the morning and had 
entirely disappeared by 10 30 

When the patient was first seen by Dr Irons the pulse rate was about 90 
per minute, and the quality was fair. The left cardiac dulness was slightly 
outside the midclavicular line The heart tones were faint There was no 
definite murmur, and the rhythm was regular The following morning the 
patient had a short attack of rapid but regular action of the heart Soon 
after the attack the heart was examined A definite systolic apical murmur 
was noted The left cardiac dulness was well outside the midclavicular line 
The other physical findings were negative 

The first electrocardiogram (Fig 2. a) was taken at 4 45 p m of the came 
day that the patient entered the hospital The T-wave was slightly negative 
m the first lead The following morning at 9 30 the T-deflection (Fig 2, b) 
was markedly negative m lead I and iso-elcctric in lead II A curve Fig 
2, c) taken at 2 30 p m on the second day showed sharply negative T-waves 
in the first and second leads There was at this time a definite decrease in 
the amplitude of the QRS-deflections The following day the T-wave (Fig 
2, d) was still negative in lead I but had changed to an iso-electnc state in 
lead II The amplitude of the QRS group had increased The curves (Fig 
2, e and /) taken on the two succeeding days were similar to the latter At 
this time the patient had begun to feel better, and left the hospital against 
the advice of the physician 

Case 3 — A D L, aged 39, entered the Presbyterian Hospital on Feb 15, 
1922, in the service of Dr Vernon David for hemorrhoidectomy The following 
morning while in the operating room he experienced a severe pain in the sub- 
sternal region, associated with a feeling of heaviness The distress gradually 
increased m intensity and radiated to the arms The pulse became rapid and 
irregular The pain continued until the following morning During this 
time the patient had received heroin hydrochlorid, ^^2 gram, morphin sulphate, 
% gram, and several doses of nitroglycerin, Yioo gram, without complete relief 
from the distress He was seen at this time by Dr Dick The left cardiac 
dulness was well outside the midclavicular line A soft systolic apical murmur 
was heard, and there was a gallop rhythm The cardiac rate was 130 a minute 
A diagnosis of probable coronary occlusion was made The cardiac findings 
remained about the same for the following ten days, except for periods of 
marked irregularity which were apparently due to the frequent appearance 
of premature contractions During this time there was an occasional com- 
plaint of precordial distress On March 4, the gallop rhythm had disappeared 
There was still a short murmur over the apical area The patient seemed 
to feel well and was permitted to sit up on a back rest Four days later he 
died while asleep At necropsy the descending branch of the left coronary 
artery and two of the smaller branches of the circumflex were found occluded 
The pathologic findings m the layers of the myocardium were essentially the 
same as in the patient whose case was reported by Dr Herrick 
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Fig 1 (Case) 1 — a, electrocardiogram taken nineteen davs after the liga- 
tion of the descending branch of the left coronary artery The T-wave is a 
sharply negative deflection in the three leads, b, taken thirty-six days follow- 
ing the operation The T-wave is less negative than in the previous cuiw'e, 
c, taken fifty-nine days after the ligation The T-deflection is still slightly 
negative, d, curve taken eight and one-half months following the ligation 
The final ventricular deflection has changed to a positive phase in leads I and 
II and to an iso-electnc state in lead III 
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The first electrocardiogram (Fig 3, a) was taken on the morning follow- 
ing the onset of the pain He still had distress The curve showed what is 
ordinarily considered a right bundle branch conduction defect The T-\\a\c 
was diaphasic m lead I and moderately prominent m leads II and III Three 
days later the T-deflections (Fig 3, b) were iso-electnc m the three leads 
The T-wave in the curve taken eleven davs after the second record (Fig 3, c) 
was negative in the first and second leads and the amplitude of the QRS group 
markedly diminished 

Case 4 — G B M, aged 42, entered the Presbyterian Hospital on Nov 8 
1921, in the service of Dr Irons A few days prior to entering the hospital 
the patient had had a series of attacks of severe precordial pain which 
radiated to the arms and neck These attacks apparently came on without 
exertion or excitement The last appeared shortly after eating lunch, and 



Fig 3 (Case 3) — a, in this patient the diagnosis of coronary thrombosis 
was verified by necropsy The curve was taken twenty-four hours after onset 
of cardiac pain The patient still had pain at the time the record was made 
The electrocardiogram resembles that of a right bundle branch block, b, taken 
four days following the cardiac accident The T-wave is practically iso- 
electric in the three leads There has been little change in the other ventricular 
deflection, c, taken eleven days later, fifteen days after onset of pain The 
amplitude of the QRS group is markedly diminished The T-deflection is 
negative in leads I and II 

the patient beecame nauseated In one attack, the distress lasted for about 
sixteen hours Following the last attack the patient felt weak and the heart 
became rapid Two days later he came to the hospital At this tune he was 
short of breath on the slightest exertion The left cardiac dulness was just 
inside the anterior axillary line There was a systolic apical murmur, and 
the rhythm was frequently interrupted by premature beats A friction rub 
was noted over the lower sternum The S3"stolic blood pressure was 102, 





Fig 2 (Case 2) — a, this curve was taken six hours after the onset of a 
severe attack of precordial distress The pain lasted about twenty-four hours 
The T-wave is slightly negative in lead I and positive in leads II and HI > ^ 
curve taken at 9 30 the following morning There has been a definite change 
in the T-deflection in leads I and II In the former it is more negative, m 
the latter it is almost iso-electric , c, taken at 2 30 p m of the same day 
The T-wave has changed to a negative phase in lead II and is less positive m 
lead III There is in addition a definite decrease in the amplitude of t le 
QRS group , d, taken on the third da\ following the cardiac accident The 
T-waves are similar to those shown m h The S-wave in lead II has become 
more prominent than the R-peak There has been marked increase in the ampli- 
tude of the S-defiection in the third lead , c, taken on the fourth day after onse 
of pain The T-deflection is similar to that in d The chief ventricular deflec- 
tion in lead II has changed to a positive phase and the S-wa\e in lead IH 'S 
less prominent, f, taken on the fifth day. similar to c 



SMITH— OCCLUSlOyi OF COROS'ARV ARTER} 


505 


vomiting At the time the patient entered the hospital he vas ^ery weak, 
short of breath on the slightest exertion and still complained of pain m the 
chest The lips were slightly cj'anotic The left cardiac dulness was just 
inside the anterior axillary line The heart rate w^as 130 a minute wuth a pulse 
deficit of 40 The rhythm w'as irregular The cardiac tones w'ere indistinct 
No murmurs were detected There was, how^ever, a friction rub ovei the 
lower cardiac area Moist rales were heard in the bases of the lungs The 
liver was palpable and slightly tender The systolic blood pressure w'as 110 
and later 90, and the diastolic pressure was 55 The diagnosis of coronary 



Fig 5 (Case 5) — a, electrocardiogram taken three w'eeks after a se\ere 
attack of precordial pain which lasted for about twelve hours and w'as asso- 
ciated with great difficulty m breathing The T-w'ave is sharply negatne m 
lead I, b, taken six months later The T-deflection now is practically iso- 
electric in lead I, c, curve taken four weeks after prolonged attack of severe 
cardiac distress This patient died in a few w-eeks from cardiac failure The 
T-w'ave is a sharp downward deflection m lead I This feature is less marked 
in lead II, w'hile m lead III the T-w’ave is positive 


thrombosis was made The course was slowdy' progressively downward, and 
the patient died from cardiac failure on Aug 15, 1922 At necropsy^ the 
descending branch of the left coronary w^as occluded There w'as a large 
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whereas it had previously varied from 140 to 160 The patient remained in 
the hospital for almost five months During most of this time his heart was 
m a critical condition He had a persistently rapid cardiac rate There 
was a gallop rhythm He had frequent periods of cardiac irregularity, and at 
one time had an attack of rapid regular heart action which lasted for several 
hours The patient was finally discharged April 2, 1922 He was at this 
time able to be up and was permitted to take a little exercise 

The first electrocardiogram (Fig 4 a) was taken two days after the 
patient entered the hospital The ventricular deflections were very low in 
each lead Five weeks later the amplitude of the QRS group (Fig 4, b) had 
increased and the S-deflection in lead HI was most prominent The T-wave 
IS iso-electnc in the three leads The curve (Fig 4, c) taken m October, 
1922, showed a left ventricular preponderance with a prominent R and S-deflec- 
tion The T-wave was iso-electric in lead I and positive in leads II and III 



Fig 4 (Case 4) — a, curve taken twelve days after a sudden and severe 
cardiac upset The amplitude of the QRS group is low in the three leads 
The T-wave is shghtly positive in leads I and II , b, taken thirty-three days 
following the first curve The S-deflection in lead III has become much more 
prominent The chief ventricular wave has remained low in leads I and H 
The T-wave is practically iso-electric in the three derivations , c, taken eleven 
and one-half months after cardiac accident The curve is that of left side 
preponderance The T-wave is positive in leads II and III and iso-electric m 
lead I 

Case S ^R S, aged 63, entered the Presbyterian Hospital on June 1, 1922, 
in the service of Drs Irons and Greer He gave a history of having had a 
high blood pressure for ten years His general health, however, had been 
fairly good during this time, and a few days prior to the onset of the present 
illness he had been doing fairly heavy physical work without discomfort 
During the two days before entering the hospital he had had several attacks 
of precordial distress which were associated with weakness and shortness of 
breath One of these attacks lasted about nine hours, during which the patient 
was very dyspneic and exhausted One was accompanied by nausea and 
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Three of these patients consulted Dr Herrick one, two and {i\e \\eeks 
respectively, following the attack In each a probable diagnosis of 
coronary occlusion was made The electrocardiogram showed changes 
in the T-wave In the one m which the curve (Fig 5, a) ^^as taken 
one week following the cardiac upset, the T-deflection was negatue 
m the three leads There was m addition a moderate decrease in the 
amplitude of the QRS group The T-wave in the electrocardiogram 
(Fig 5, b) of the patient seen two weeks after the attack was sharpl} 
negative m lead I In the curve of the third patient the final a entnculai 
deflection was slightly negative m leads I and II 

One of these patients made a satisfactory recovery and \\as not 
short of breath on moderate exertion when seen by Dr Herrick The 
other two had extensi-vely damaged hearts One was confined to bed 
foi weeks because of cardiac failure The other, at the time of the 
last repoit, had markedly impaired cardiac function 

The remaining three patients were followed in the outpatient depait- 
ment of Rush Medical College They were first seen three, four and 
SIX weeks, respectively, following the cardiac accident In two, the 
electrocardiogram showed changes m the T-deflection (Fig 6, a, h 
and c) In the third, there was a moderate decrease in the amplitude 
of the chief ventricular deflection and an increase in the duration of 
the QRS group Each had signs and symptoms of cardiac failure 
when first seen Two died within a few weeks following their first 
visit to the clinic The third is now 65 years old and is in a fair 
state of health He has, however, caiefully obeyed instructions and 
has never exerted himself beyond the point where he begins to feel 
winded 

COM ME NT 

The electrocardiographic findings of eleven patients are presented 
In one, the descending branch of the left coionary arter} was ligated 
in the repair of a stab wound of the heart In two, the clinical diagnosis 
of coronary thrombosis was verified at necrops} In the remaining 
eight patients, the character and duration of the cardiac pain and the 
subsequent clinical course was as characteristic of coionary closure 
as in those in whom the diagnosis was checked by necrops> It would 
thus seem that we were reasonably justified in making the diagnosis of 
coronary occlusion 

In eight of the eleven patients, the electrocardiogiams sliowed 
changes in the T-deflection In two, the T-wai-e was sharp!} negative 
m lead I, m four, in leads I and II, and in two, in each of the three 
derivations In four, the electrocardiograms showed progressn e 
changes in the final ventricular deflections In the patient in whom 
the descending branch of the left coronary aitery w^as closed by opera- 
tion, the T-wave of the first electrocardiogram (Fig 1 a) was negatne 
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partially healed infarcted area in the apical region of the left ventricle with a 
parietal aneurysm An electrocardiogram taken two weeks before death showed 
a decrease in the amplitude of the QRS group The T-deflection was iso- 
electric in the three leads 

The important features of the histones of the lemainmg six patients 
were essentially the same Each recovered from a severe attack of 
precordial pain which lasted from eight to twelve hours The pain 



Fig 6 a, curve taken two weeks after an attack of precordial pain uhich 
lasted for about twelve hours and was not completely relieved by morphin 
The T-wave is negative in each of the three leads and the amplitude of the 
chief ventricular deflection is moderately low, b electrocardiogram taken one 
week following a severe attack of angina-like pain The T-deflection m lead 
I IS negative 

was referred to the arms and m some to the neck and was so severe 
that it was not entirel} relieved by morphin In all instances, the 
distress was associated with sjunptoms and signs of cardiac failure 
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the final ventricular deflection follomng coronary occlusion is due to a 
change in the refractory period of a localized area of the left ventricle 

In the experimental animal, the extent to which the T-wave became 
a negative phase seemed to depend on the size of the area of infarction 
The latter m turn is dependent on the size of the vessel occluded and 
the degree of collateral circulation established The collateral circu- 
lation between the various branches of the left coronary arteries varies 
markedly m the dog A corresponding variation in this respect may be 
expected m man The changes in the T-deflection following coronary 
closure may also be influenced further by the development of inter- 
ventricular conduction defect This was noted in the dog and has 
been observed further in man 

A marked decrease m the amplitude of the QRS group following 
a prolonged period of precordial pain fully justifies the diagnosis of 
a serious cardiac accident This type of electrocardiogram was associ- 
ated with extensive myocardial change m the dog and followed the 
closure of the circumflex branch of the left coronary artery in all 
instances m which the animal survived the operation The patient 
leported by Dr Herrick and one in our series who showed the fore- 
going electrocardiographic findings, came to necropsy In each instance 
branches of the circumflex were occluded along with that of the 
descending branch of the left coronary artery The other patient in 
our series had a severe and damaged heart He was m the hospital 
for more than five months, and is again m a serious condition 

CONCLUSIONS 

Experimental and clinical observations justify the belief that the 
electrocardiograph may be employed to advantage in the diagnosis of 
coronary thrombosis in man It is predicted that a large percentage of 
those who have an occlusion of the left coronary artery will show 
significant changes in the electrocardiogram within the first few days 
following the cardiac accident In some instances, the alteration in the 
electrocardiogram may persist for weeks Changes in the T-deflection 
and a decrease in the amplitude of the QRS group are the most constant 
findings The former is apparently dependent on the formation of an 
area of infarction in the apical region of the left ventricle The latter 
has been associated with more extensive and disseminated changes in 
the myocardium 


122 South Michigan Avenue 
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in each of the three leads In later curves (Fig 1, h and c), this wave 
became less negative and finally changed to a positive deflection 
(Fig 1, d) The most striking alteration in the T-wave (Fig 2, a 
and f) was noted in the second patient in whom the first curve was 
taken on the same day as the cardiac accident and daily thereafter 
during the period of hospitalization One of the patients studied by 
Robinson and Hermann showed similar progressive changes in the 
electrocardiogram The variations in the T-wa\e of the electro- 
cardiogram (Fig 3, a and c) of the third patient was definite but less 
characteristic 

In six patients, there was a decrease in the amplitude of the QRS 
group In two, the amplitude was low (Fig 3, c and Fig 4, a) In 
one of these, the low deflection was noted in the first curve taken 
thirteen days after the onset of the cardiac accident Nine months 
later, the heights of the QRS deflection had returned to normal 
(Fig 4, c) In the other, the reduction in amplitude occurred some 
time between the third and fourteenth day after the coronary closure 
In another instance, the change in height*^ of the deflection was transient 
and noted first on the second day (Fig 2, c) One patient had 
moderate reduction in amplitude of the initial ventricular waves in 
the record taken one week after the attack of cardiac pain (Fig 5, a) 

The foregoing changes m the T-wave and the amplitude of the 
QRS group resemble closely those in the dog following the ligation 
of the branches of the left coronary artery These changes were 
most striking, and the resemblance to those of the dog were greatest 
in those patients m whom curves were taken early and at frequent 
intervals subsequent to the coronary accident This is to be expected 
since the greatest changes occur in the heart during the first few days 
after the coronary closure Curves taken at a later date may thus 
fail to show charactenstic changes This perhaps accounts for the 
negative findings in some of the cases which have been reported 

The negative T-deflection is the most constant and characteristic 
electrocardiographic findings following coronary closure It is to be 
noted that the peak of this deflection is sharp This feature persists 
throughout the change from negative to iso-electric phase and resembles 
closely the alteration in the T-wave produced experimentally by Wilson 
and Herrmann ° by varying the degree of block of the right branch of 
the aunculoventricular bundle The same type of T-wave may also 
be produced by changing the refractory period of the apical region of 
the left ventricle by cooling It is not improbable that the alteration in 

9 Wilson and Hermann An Experimental Study of Incomplete Bundle 
Branch Block and of the Refractory Period of the Heart of Dog, Heart 8 229, 
1921 
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definite increase of their heart shadow on the i oentgenograms The 
method we employed was as follows, for the first eleven rabbits we 
injected 25 mg of spartein sulphate dissohed in 04 to 0 5 cc of 
distilled water, followed in from seven to ten minutes by 0 1 c c of 
epmephrin chlorid, for the remaining five rabbits we used an amount 
of spaitem sulphate equivalent to 12 mg per kilogram of body weight, 
followed by 0 1 to 0 15 c c of epmephrin chlorid All injections were 
made intravenously into an ear vein The spartein sulphate employed 
was put up by Merck & Co , and the epmephrin chlorid was the 1 1000 
solution prepared by Parke, Davis & Co Care was used to have the 
epmephrin chlorid always m a freshly prepared solution The injec- 
tions were repeated weekly until a definite and permanent increase m 
the size of the heart had occurred, at which time the effect of intrave- 
nous injection of ciystallme strophanthin was studied The strophanthin 
used was a 1 1,000 solution prepared m ampules by Merck & Co It 
was tested b)^ us by the Hatcher method and found to have a rabbit 
unit (minimum lethal dose per kilogram) of 0 6 mg (0 6 c c ) The 
amoupt of strophanthin given in this study was 30 per cent of this 
labbit unit This should approximate the therapeutic dose, as Levine® 
has shown that the toxic effect occurs when about 50 per cent of the 
minimum lethal dose has been given, and the therapeutic dose should 
be somewhat less This amount (30 per cent ) is about the equivalent 
of the dose used clinically After the stiophanthin, roentgenograms 
were taken at five, ten and fifteen minute intervals, the heart shadow 
shoAving the greatest change when compared with the roentgenogram 
taken just before the injection was chosen Roentgen-ray films weie 
obtained with the tube at a distance of 5 feet (152 cm ), using a current 
of 30 milhampeies backed up by a 4^ inch (11 4 cm ) spark gap with 
an exposure of seven seconds This greatest change usually occurred 
after ten minutes, although m a few instances it was seen on the five 
or on the fifteen minute plate To determine changes in size, the 
heart was outlined m pencil on the film, and this outline was traced 
on smooth white paper of uniform texture The silhouettes were cut 
out and weighed, the weights being accurate to 0 1 milligram We 
believe this to be more exact than other methods for comparing the 
size of heart shadows This method was foimerly used by Di A E 
Cohn No changes were considered significant unless they were greater 
than 10 per cent 

EXPERIMENTAL WORK 

As all of these experiments were conducted on the same plan, a 
summary of but one case will be included as an example 


6 Levine, S A J Exper M 29 485, 1919 



STUDIES ON THE RABBIT’S HEART 

l EFFECT OF STROPHANTHIN ON THE SIZE OF THE NORMAL 
AND OF THE ABNORMAL HEART 

G F STRONG, MD 

VANCOUVER, B C 
AND 

BURGESS GORDON, MD 

SPOKANE, WASH 

Clinical studies on the changes in the size of the heart are frequently 
difficult to control A patient with cardiac decompensation lends 
himself poorly to the manipulation necessary for roentgen-ray studies, 
and furthermore, fluid in the chest frequently renders accurate measure- 
ments of the heait difficult There are, therefore, few exact studies on 
the changes m the size of the decompensated heart that may occur in 
response to treatment, neither has the experimental study of this 
problem been sufficiently investigated It is generally recognized, 
tollowing the work of Fleischer and Loeb ^ and Walker, ^ that a chronic 
myocarditis can be produced in rabbits by the repeated injection of 
spartein sulphate and epinephrm chlorid Fraser ^ further showed that 
a permanent enlargement followed repeated injections of these drugs 
It occurred to us that this offered a means of studying the effect of 
various measures on the damaged heart, and the study of the effect of 
strophanthin was therefore undertaken Vaquez and Dimitrakoff * are 
of the opinion that strophanthin (ouabain) intravenously caused a 
definite decrease in the size of the decompensated heart Their work 
has been entirely clinical and as such is somewhat difficult to control 
We hoped to investigate the problem experimentally 

We have attempted to produce a chronic myocarditis in rabbits by 
means of repeated injections of spartein sulphate and epinephrm 
chlorid,® and have followed the changes in size by roentgen-ray studies 
Sixteen labbits were injected, seven of which died before any marked 
change had occurred, of the remaining nine rabbits, six have shown 

*From the Medical Clinic of the Peter Bent Brigham Hospital and the 
Department of Medicine of the Harvard Medical School 

1 Fleisher, M S , and Loeb, L Experimental Myocarditis, Arch Int 
Med 3 78 (Feb ) 1909 

2 Christian, H A , Smith, R M , and Walker, I C Experimental 
Cardiorenal Disease, Arch Int Med 8 469 (Oct ) 1911 

3 Fraser, F R J Exper M 22 292, 1915 

4 Dimitrakoff These, Pans, 1922 

5 Footnote 1, 2 and 3 



Fig 1 (Rabbit 14) — Roentgenogram taken Jan 9, 1923 The weight of 
heart silhouette was 609 mg 

Fig 2 (Rabbit 14) — Roentgenogram taken March 2, 1923 The weight of 
the heart silhouette 105 8, a 75 per cent increase over Fig 1 

Fig 3 (Rabbit 14) — Roentgenogram taken Alarch 2, 1923, ten minutes 
after a 0 43 c c 1 1,000 strophanthm solution given intravenousl}' There 
was a decrease of 13 per cent in size 
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Rabbit 14, weighing 2 7 kg , whose heart silhouette weighed 60 9 mg 
(Fig 1), was given weekly intravenous injections of spartein sulphate, 
32 mg (dissolved in 04 to 0 5 cc distilled water), followed in seven 
to ten minutes by 0 1 c c of epinephnn chlorid solution intravenously 
From a roentgenogram taken on February 20, after five such injec- 
tions, we obtained a silhouette weighing 85 mg , an increase of 39 per 
cent over the original weight On this day an intravenous injection of 
strophanthin (25 per cent of the rabbit unit in this instance) caused 
a decrease m the size of the heart of 13 per cent On March 2, after 
six injections of spartein sulphate and epinephnn, a roentgenogram 
(Fig 2) showed a heart of such size that the silhouette weighed 105 8 
mg , an increase of 75 per cent over the original weight Strophanthin 
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In these tables the folloTving symbols are used Tilth the meaning indicated 

* Given at approximatelj iveekly intervals 

f The amount of strophanthin used Tins 018 cc per Lilogram This equals SO per cent 
of the rabbit unit 

Arnaud’s ouabaine 

* exercise to exhaustion Heart possibly contracted 
V TTventy per cent of rabbit unit 

§ Increase 


given intravenously on March 2 caused a decrease in size of 13 per 
cent (Fig 3) On March 6, the silhouette weighed 1116 mg, an 
increase of 83 per cent Strophanthin again caused a decrease of 13 
per cent It is remarkable, but probably not significant, that m this 
rabbit the strophanthin in each instance caused a decrease of 13 per 
cent in the size of the heart Electrocardiograms on March 7 showed 
the same form of curve as that obtained on January 8 

The accompanying tables give in detail the results obtained on 
intravenous injection of crystalline strophanthin 

The first table shows those cases in which a definite myocarditis had 
been produced, as evidenced by cardiac enlargement In these cases there 
a uniform response to the injection of strophanthin The decrease 
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the first roentgenogram was taken Then the strophanthin was injected 
and the five, ten, and fifteen minute plates were obtained At no time 
after the strophanthin had been injected was the rabbit disturbed, 
except to insert new films under the back and to correct any faulty 
position We feel that physical exertion has been effectively ruled out 
as the cause for decrease in the size of the heart The possibility that 
an emotional influence might be responsible occurred to us We there- 
fore injected normal saline intravenously into two rabbits, using the 
same amount of fluid as was given in the strophanthin injections, and 
making all other details in the experiments identical The hearts did 
not change appreciably in size, there was only a slight increase in one 
case and a slight decrease in the other case in the weight of the heart 
silhouettes after the saline The changes were so small, 3 8 and 3 0 
mg , respectively, that they are quite within the limit of error It 
occurred to us to study the effect of spartem sulphate and epinephrm 



Fig 4 (Rabbit 14) — Heart outlines superimposed for comparison A is 
the outline of the heart in Fig 1, showing the size at the beginning of the 
expenment B is the outline of the heart in Fig 2, showing the increase due 
to SIX injections of spartem and epinephrm C is the outline of the heart after 
one injection of strophanthin 

chlond when given during the routine treatments The spartem sul- 
phate had no effect on the size of the heart in three cases in which it 
was studied This may be taken as added evidence that an emotional 
influence is not the cause of the decrease after the strophanthin In 
five cases, the effect of epinephrm chlond when injected m 01 c c 
amounts intravenously was observed In each case there was an 
increase m the size of the heart, m three of the cases this increase 
was over 20 per cent This increase following epinephrm came on 
earlier than the strophanthin effect and did not last so long We feel 
that with these methods of controlling our results there can be little 
doubt that the decrease m size of the heart recorded m our tables is 
due to the effect of strophanthin on the heart muscle 



514 


ARCHIVES OF INTERNAL MEDICINE 


ranged from 4 to 17 per cent , with an average of 10 per cent In one 
case (Experiment 10) there was an increase after injection of strophan- 
thm This rabbit had been exercised to exhaustion six hours previous 
to this experiment, and its heart may still have been somewhat con- 
tracted Acute overexertion does cause definite decrease in the heart, 
as will be reported by us m another article This usually disappears in 
two hours It may have persisted longer m this case Subsequent injec- 
tion of strophanthin caused a slight decrease in size m this case 
(Experiment 13) In these experiments we waited at least four full 
days aftei giving an injection of strophanthin before repeating it, so 
that no part of the first dose remained at the time the second dose 
was given 
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In the second table are shown the results of strophanthin on normal 
hearts Of these fourteen experiments, seven were performed on 
normal rabbits and the other seven on rabbits that had received injec- 
tions of spartein and epinephrin but had shown no cardiac enlargement 
These experiments show less constant results than in the case of the 
animals with dilated hearts The average decrease m size was only 
2 per cent as compared with 10 per cent for rabbits with chronic 
myocarditis 

The question is immediately raised, Is the decrease m size due to 
the strophanthin or to other factors^ We know that phvsical exertion 
does decrease the size of the rabbit’s heart Care was used in putting 
the rabbit on the animal board so that it exerted itself as little as 
possible, and it was left absolutely quiet for two or three minutes before 

7 Reported in Studies of Rabbit Heart II “Effect of Vigorous Exercise 
on Size of Normal and Abnormal Rabbit Heart ” 


STUDIES ON THE RABBITS HEART + 

II EFFCCT OF VIGOROUS EXERCISE ON THE SIZE OF THE NORMAL 
AND THE ABNORMAL HEART 

BURGESS GORDON, MD 

SPOKANE, WASH 
AND 

G F STRONG, MD 

VANCOUVER, B C 

By means of roentgen-ray studies and physical examination, cer- 
tain observations have been reported on the effect of exertion on the 
size of the heart We have been unable, however, to discover any 
reference to roentgen-ray studies on the hearts of animals subjected to 
vigorous exercise Secher,’^ in 1921, reported some investigations on 
wild rats m which a group of eleven had been run until they died 
from the effects of exercise From his observations, which consisted 
in measuring the hearts after death, he concluded that acute over- 
exertion produced dilatation of the heart Boigey ^ reported ortho- 
diagraphic studies on competitors before and after a 42 kilometer 
Marathon race in which there was dilatation of the heart In the 
same paper, he observed that contraction of the heart followed a 100 
meter foot race Dedichem ^ examined 226 participants before and 
after a 50 kilometer Marathon by means of palpation and percussion, 
but was unable to demonstrate any cardiac enlargement The impression 
has been general that the nrst response to exercise was a decrease in 
size, followed after further exertion by a moderate dilatation 

In our studies, we selected a group of healthy rabbits which had 
been confined for some time in small animal cages A group of 
“sparteimzed” rabbits, reared under similar conditions, was also studied 
These animals had received weekly intravenous injections of 25 mg of 
spartein sulphate dissolved in distilled water, followed in from seven to 
ten minutes by 0 1 c c of a 1 1,000 solution of epinephrin chlond 
This technic was a modification of the procedures recommended by 
Walker^ for producing a chronic myocarditis These will be referred 
to as “sparteinized” rabbits When there was definite enlargement of 
the heart, as evidenced by roentgen-ray films, the rabbits were con- 
sidered to have a chronic myocarditis, the histologic findings of which 

1 Secher, K Hospitalstidende 64 49, 1921 , No 5, p 65 

2 Boigejf Presse med 26 657, 1921 

3 Dedichen Acta Med Scand 53 738, 1921 

4 Christian, H A , Smith, R M, and Walker, I C Experimental Cardio- 
renal Disease, Arch Int Med 8 (Oct) 1911 
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The postmortem examination of the rabbits studied revealed changes 
similar to those described by Walker^ The histologic changes were 
the production of cellular foci made up of lymphoid, plasma and young 
connective tissue cells, around necrosed or severely damaged muscle 
fibers, and the proliferation of connective tissue, sometimes quite 
extensive, replacing muscle fibers and extending into and separating 
the damaged muscle cells The exact histologic picture varied with the 
age of the lesion, in the long standing cases a more extensive scar 
formation occurred 

This method of investigation, studying the responses of defimtely 
damaged heart muscle to various procedures, offers, we believe, further 
possibilities We hope to follow some rabbits with an experimentally 
produced myocarditis for a long period of time and to report subse- 
quently on our findings 

CONCLUSIONS 

1 Strophanthin given intravenously m doses comparable to those 
used clinically causes a definite decrease in size of the rabbit’s heart 

2 This decrease is most marked in cases of experimentally pro- 
duced myocarditis, as evidenced by cardiac dilatation It also occurs 
to a certain extent in normal rabbits 

3 The heart usually begins to return to normal size at the end of 
fifteen minutes and always recovers completely after two hours 
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have been seen m animals that have died or were killed during the 
course of the injections The changes are those described by Walker * 
Sixteen rabbits received such injections, nine of which were living 
when this study was undertaken In three of the latter animals there 
was no evidence of cardiac enlargement 

The method we employed to exercise the rabbits to exhaustion was 
as follows A squirrel-cage, treadmill type, a cylinder 4 feet (121 5 
cm ) in diameter and 16 inches (40 64 cm ) in width, was constructed 
with smooth wooden sides and heavy wire-screen runway This cage 
was operated by means of a simple crank The outline plan consisted, 
first, in taking a roentgen-ray film “ of the thorax while the rabbit was 
fastened on its back to the animal board The rabbit was then placed 
in the treadmill which was revolved at a speed corresponding to the 
progress of the animal The revolutions necessary to produce exhaus- 
tion averaged about twenty-two in number, and the procedure occupied 



Fig 3 (Rabbit 16) — Heart outlines superimposed for comparison A is the 
outline of the heart in Figure 1 B is the outline of the heart in Figure 2, 
and shows the decrease due to exercise 

approximately three minutes The animal was not removed until it 
showed evidence of marked exhaustion It not only became limp, 
cyanotic (shown in the ears), markedly dyspneic, and unable to 
support Itself, but it failed to react to ordinary stimuli, although, as 
pointed out later, the rabbits recuperated promptly and completely 
Another roentgen-ray film was obtained as soon as the animal could 
be returned to the board In a few cases we followed the recovery 
of the heart by frequent roentgen-ray plates The heart shadow was 
outlined on the film with pencil, and a silhouette was traced from this 
on smooth white paper This silhouette was carefully cut and weighed, 
the weight being accurate to 0 1 mg 

5 The film was taken with the tube at a distance of 5 feet (152 cm), 
using a current of 30 millimeters backed up by a AVz inch (11 4 cm ) <;park 
gap with an exposure of seven seconds 




Fig 1 (Rabbit 16) —March 3 , 1923 , before exercise The silhouette in this 
case showed an increase in weight of 20 per cent over the weight of the 
silhouette made from the first roentgenogram of this animal on Jan 11, 1923 

Fig 2 (Rabbit 16) — March 3, 1923, showing a decrease in heart size of 
28 per cent after exercise 
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effects from this overexertion (some of these rabbits have been under 
observation for two months following our first experiments) This 
was unexpected in the case of those rabbits unith marked cardiac 
enlargement, due to a definitely damaged myocardium We rather 
expected dilatation or at least no contraction in these animals after 
exercise It would seem that these results emphasize the relative 
unimportance of merely objective findings in heart disease Although 
these rabbits had one objective sign of an impaired heart, i e , an 
enlargement, they apparently had sufficient cardiac reserve to enable 
them to respond to this acute overexertion m a normal way Two of 
the animals with a definite myocarditis were exercised to exhaustion 
on March 7 Three hours later, when the hearts had returned to their 
normal size, the experiment was repeated and the response was the 
same 

CONCLUSIONS 

1 Normal rabbits were exercised to complete physical exhaustion 

2 The result in every instance was a definite decrease in the size 
of the heart 

3 Six animals in which experimental myocarditis had been pro- 
duced responded to overexertion in a similar manner 

4 Although the rabbits had been observed for only a comparatively 
short time, there was no evidence that acute overexertion influenced 
the general condition of the animals 
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By reference to the table, it will be observed that all rabbits, both in 
the normal and m the two “sparteinized” groups, showed definite con- 
traction of the heart Two apparent exceptions (Experiments 2 and 3) 
occurred in which the animals failed to exercise properly These 
animals subsequently showed definite contraction (Experiments 8 and 
18) The average decrease of all cases was about 19 per cent , which is 
too large to be due to any possible error in our method of estimating 
changes m the size of the heart From the table, it is apparent that 
there is no difference in the response to overexertion between the 
sparteinized animals showing increased heart size and those without 

Effect of Evercise to Exhaustion on the Size of the Heart* 
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bett^r^'^^*^ onimals tailed to exercise properly In subsequent experiments the results were 

enlargement In part C of the table, the fourth column from the 
left shows the amount of cardiac enlargement present when these 
experiments were performed, as judged by the percentage increase in 
weight of the heart silhouette In those instances m which roentgeno- 
grams were repeated at intervals after exercise, there was observed a 
gradual return of the heart to normal size Within two hours, tins 
return was complete 

Following the exercise, the rabbit itself made a surprisingly quick 
recovery, and although it took tivo hours for the heart to return to 
normal size, the rabbit was apparently quite recovered m fifteen 
minutes It was surprising that these animals suffered no obvious ill 
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authors considered the infection rare Stiles ^ reported the first 
American case in 1902 Following this, Allen and Emerson each 
reported one case Fiom various sections of the United States reports 
of cases have been made by Logan and Sanford, ° McNeil," Smithies,® 
Hemmeter,® Lyon,^® Simon and McGill Most of the cases were 
detected by stool examinations and many of them were associated with 
a diarrheal condition Kofoid found this flagellate in about 6 per 
cent of 1,500 apparently healthy recruits coming from all sections of 
the United States Maxcy reports that Giaidta infection is much 
more common m children than in adults The infection has also been 
reported fiom most of the continental countries 

THE ORGANISM 

An excellent and detailed description of this flagellate has recently 
been given by Simon Its appeal ance is quite characteristic In 
brief, it may be described as a silvery colored body, from 10 to 20 
micions m length and from 5 to 12 microns in width In shape it 
resembles a pear split into two parts along the long axis On the 
anterior half of the flat surface there is a cuplike depression, the 
sucking disk, or peristoma which is best seen m a lateral view There 
are two nuclei anteriorly, which give the organism, when viewed on 
the flat surface, a comical, facelike appearance similar to that of a 
skate fish There are eight flagella arranged in pairs By means of 
the peristoma they attach themselves by suction to the epithelial cells 


3 Stiles, C W First American Case of Infection with Laniblia 
Duodenalis, Washington M Ann 1 64 (March) 1902 

4 Allen, W A Case of Lamblia Intestinalis, Old Dominion J M & S 
10 417 (June) 1910 

5 Emerson Clinical Diagnosis, Ed 3, Philadelphia, J B Lippincott Co , 
1911 

6 Logan, A H , and Sanford, A H The Significance of Lamblia Intes- 
tinalis in Stool Examination, J Lab Clin Med 2 618 (June) 1917 

7 McNeil, H L Flagellate Infection of Intestines, Southern M J 10 S44 
(July) 1917 

8 Smithies, Frank The Frequency of Protozoic Entcrcolitis in the 
Middle West, Am J M Sc 156 173 (Aug ) 1918 

9 Hcmmetcr, J C Clinical Notes on an Intestinal Infection with Giardia 
Duodenalis, Tr Am Gastro-enterological Assn , 1920 

10 Lyon, B B V Chronic Arthritis with Lambliasis, M Clinics N A 
4 1153 (Jan ) 1921 

11 Simon, S K Lamblia Intestinalis Infestation and Its Treatment, 
Southern M J 15 458 (June) 1922 

12 McGill, C Giardiasis, J A A 78 179 (Jan 21) 1922 

13 Kofoid, C A Intestinal Protozoan Infections in United States Army 
Troops, Tr Am Gastro-cnterological Assn , 1919, p 262 

14 Maxey, K F Giardia (Lamblia) Intestinalis Common Protozoan 
Parasite of Children, Bull Johns Hopkins Hosp 32 166 (May) 1921 

15 Simon, C E Giardia Enterica a Parasitic Intestinal Flagellate of 
Man, Am J Hygiene 1 440 (July) 1921 



GIARDIA INTESTINALIS INFECTION* 

EDWARD HOLLANDER, MD 

NEW YORK 

Giaidia (Lamhha) intesUnalis, discovered by Lambl in 1859, for a 
long time was considered a nonpathogenic parasite It was believed to 
be rare in temperate climates and was regarded as an organism of 
negligible importance Increased interest m this flagellate was awakened 
during the Great War, as numerous cases of intractable diarrhea were 
reported which were believed to be caused by this parasite The 
English and the French, especially, believed it to be the etiologic agent 
m many cases of “trench diarrhea ” Since the parasite had received 
but scant attention in the past, many interesting problems regarding 
Its geographic distribution, pathogenicity and treatment presented 
themselves 

Gmidta intestinah^s differs from the other protozoa that inhabit the 
human intestinal tract in that its habitat is the duodenum and )e 3 unuin 
The vegetative forms are readily detected in the duodenal contents in 
many cases in which the stools contain few or none of the cysts 
Within the past few years, since the introduction of the Meltzer-Lyon 
method of duodenobihary drainage, which includes the microscopic 
examination of the duodenal contents, many human earners of this 
infection are being brought to light in temperate zones Previously, 
when the diagnosis was made by the stool examination alone, many of 
these cases would have passed unobserved 

During the past two and one-half years, in performing duodeno- 
biliary drainage on 170 patients, nine cases of infection by Gtardta 
mtestinahs were found Eight of these patients were natives of Russia 
and Austria, but they were residents of New York City for many 
years The ninth patient was a native and resident of New York City 
It was not possible in any of the cases to discover when or where 
the infection originated None of the patients had ever been in 
tropical countries 

Previous to these cases there are only two reports of this parasite 
on record in New York state The first report is by DuBois and 
Toro,’- in 1912, who reported four cases in children, the other is by 
Chace and Tasker,- in 1917, who reported three cases in adults These 

* From the Medical Department, Mount Sinai Hospital 

1 DuEois, E F , and Toro, W C , Tivo Cases of Infection with Lamhlia.- 
Intestinalis, Proc N Y Path Soc 12 32, 1912 

2 Chace, A F, and Tasker, A N The Diagnosis and Treatment of the 
Flagellate Diarrhoeas, J A M A 68 1528 (May 26) 1917 
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forms of Giaidm cannot infect man He believes that the human infec- 
tion IS of human origin However, it must be pointed out that Fantham 
and Porter experimented with virulent strains of the organism from 
human cases of dysentery They found that the strain from Flanders 
was more virulent than that from Gallipoli This difference in 
virulence might well explain the divergent results obtained by these 
workers The organism has also been found in rabbits, dogs, guinea- 
pigs and sheep 

PATHOGENICITY 

The pathogenicity of Gtardta mtestimlis has been the subject of 
much discussion The earlier writers believed it to be nonpathogenic 
Since the Great War, most authorities hold that while no symptoms are 
exhibited when the flagellates are few in number, they may become 
pathogenic when they are present m enormous numbers and cause an 
enteritis and diarrhea of moderate severity Thus Porter,-® in an 
enumerative study of the cysts of Gmi dm inteshnahs in dysenteric feces, 
estimated that the number of cysts in a bulky infected stool exceeded 

14.000. 000.000, and in an infected stool of average volume, totaled 

324.000. 000 It was emphasized that each of these cysts was derived 
from a flagellate organism provided with a sucking disk whereby it 
abstracted its nourishment from the intestinal epithelial cells Further- 
more, Wenyon and O’Connor point out that in diarrheal conditions, 
these cysts frequently occur enmeshed in large quantities of mucus 
which must be produced by the intestine at the site of the infection 
Fantham and Porter found that intestinal lesions can be produced 
in kittens and mice by the suctorial action of the flagellates 

Those authors that consider Gmrdm intestmahs as nonpathogenic 
base their opinion on the fact that the parasite may be found in healthy 
people In the tropics, they are found in the stools of more than 25 per 
cent of apparently healthy persons after a saline purge However, 
this same argument can be used to deny the causal relation of 
Entamoeba histolytica to a specific form of dysentery, since Hegner 
and Payne, “ m a review of the protozoal infections, record a sur- 
prisingly high incidence of healthy carriers of Entamoeba histolytica 
Stitt takes the extreme view that Gmrdm intestmahs is “responsible 
for an intractable diarrhoea, an infection only minor in importance to 
amoebic dysentery ” 

20 Porter, A An Enumerative Study of the Cysts of Gardia Intestmahs 
m Human Dysenteric Feces, Lancet 1 1166 (June 10) 1916 

21 Wenyon, C M, and O’Connor, F W Lambha Intestmahs, J Po>al 
Army Med Corps 28 346 (March) 1917 

22 Hegner, R W, and Pajne, G C Surveys of the Intestinal Protoroa 
of Man, m Health and Disease, Scientific l^Ionthly 12 47 (Jan ) 1921 

23 Stitt, E R Practical Bactenologj' Blood Work and Parasitolog>% 
Ed 2, Philadelphia, P Blakiston’s Son & Co 
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of the upper intestine Their nutrition occurs by osmotic processes 
In the duodenal contents they frequently present an extremely remark- 
able picture, the microscopic field literally swarming with these animal- 
cules in a highly active state When enmeshed in mucus they become 
motionless, only a few here and there showing sluggish movement 
Following the injection of hypertonic solutions into the duodenum, 
flocculi from the duodenal crypts are extruded, and among the exfoli- 
ated duodenal cells small numbers of the parasites are frequently found 
I found them in these duodenal flocculi in several instances in which 
none could be detected in the specimens of the fasting duodenal fluid 
When carried from the duodenum into the lower intestine, they become 
encysted, unless they are hurried along by catharsis or diarrhea It is 
easy to overlook the cysts in a routine examination of the feces with 
the low power lens They are ellipsoidal and translucent and are 
slightly smaller than the active orgamsm Two or four nuclei are 
usually present Sometimes they appear structureless I found that 
the forms in the duodenal contents as well as those in the stools are 
well preserved in 10 per cent solution of formaldehyde The impor- 
tant structures of the organism can be brought out by the addition of 
a weak lodm solution to the preparation, and are seen best by the oil 
immersion magmfication 

TRANSMISSION 

Authorities differ regarding the transmission of this infection Since 
the active parasites die rapidly in the feces after expulsion, transmission 
between persons must take place by the ingestion of the cysts Wenyon 
and O’Connor and Stiles have shown that flies can transfer the 
cysts It has also been held, especially by Fantham and Porter,^® who 
transmitted the infection from human patients to mice and kittens, that 
the contamination of food by the fecal discharges of these animals, 
especially by the “Dachshund rat” m the trenches, is an important 
factor in the spread of the infection in man Recently, Simon main- 
tained that specific differences exist between the different forms of 
Gmidta Giardia intestinalis in man, Gtardta mutts m the rat and the 
mouse, and Gtardta tnict oh in the meadow mouse He found that 
while rats could not be infected with cysts of Giardta mteshnahs or 
Gtatdta mtcroh, they could readily be infected with cysts of Gtardta 
mutis He therefore concluded that the rat-mouse or meadow-mouse 
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male fern, beta naphthol, bismuth salicylate and guaiacol carbonate 
Tiansduodenal lavage with solutions of meth}lene blue or magnesium 
sulphate is lauded by some The active flagellate is readily destroyed 
by these solutions Cures have occasionally been recorded, but it is 
doubtful whether they may be looked on as real, since the cases were 
not rigidly controlled In untieated cases the ova may be absent from 
the feces for long periods, and it is unsafe to consider a case as 
cured unless it is obseived for a long time with frequent stool exami- 
nations Thus, Dobell and Low,®° in examinations of the stools of a 
patient for 100 consecutive days, found them negative sixty-two days 
and positive thirty-eight days, with periods as long as ten successive 
days in which the examinations were negative The examination of 
the duodenal contents for the vegetative form gives more reliable data 
than the search for cysts in the stools When infection exists, it has 
been my experience that it is rare not to find the organisms either in 
the duodenal fluid or in the flocculi from the duodenal crypts following 
the injection of hypertonic solutions 

It is difficult to eradicate the infection by drugs administered by 
mouth or intioduced by transduodenal lavage, since the flagellates may 
lodge themselves in the digestive crypts outside the main lumen of the 
intestine, where they cannot be reached According to Smithies, 
they may even lodge in the gallbladder Such organisms can be 
attacked best by a drug excreted into these parts from the blood stream 
This was done experimentally in 1917, by Yakimofl: and others,"® who 
eradicated the infection in mice with intravenous injections of arsphen- 
amin In conoborating this work, Kofoid and others,®^ showed m 
culture rats, that single injections of arsphenamin freed the animals of 
the infection only when given in four to eight times the human dose 
prorated to the body weight of the rat Smaller doses sometimes 
reduced the number of cysts, and a single dose, in an amount equivalent 
to the human dose, had little or no eftect The effect of repeated 
injections of tins last amount was not determined This was done in 
1920 by Carr and Chandler,®" who reported an apparent cure in a man 
judged by the disappearance of the cysts from the stools, following 
three injections of 0 6 gm at five-day intervals However, McGill 
reported the peisistence of the infection in a woman following four 
injections of from 0 3 to 0 6 gm of neo-arsphenamin at weekly 
intervals Goifton and Roux®® used arsphenamin with inconstant 
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Fantham and Porter found 187 cases of pure Gtardia intestmahs 
infection among 1,305 soldiers suffering from diarrhea invalided to 
England from Gallipoli It is stated by many that the virulence of the 
infection is greatly reduced in temperate climates However, Fantham 
and Porter found that some of their most virulent cases came from 
Flanders Woodcock and Penfold, and Kennedy and Rosewarne^® 
also report many cases of dysentery in soldiers from the trenches m 
which only Giatdia intestinahs was found Yakimoff,^® on the firing 
line in the Caucasus, encountered numerous cases of dysentery in which 
Giurdta alone seemed to be responsible Cade and Hollande,^^ Goififon 
and Roux,^® and Deglos reported cases of diarrhea due apparently 
to Giaidta 

There was no history of diarrhea in the nine cases that I encountered 
In fact, three of the patients had always been constipated In none of 
them could the infection have been considered massive as judged by the 
number of cysts m the stools It was difficult to determine the relation 
of this infection to the clinical symptoms that these patients presented, 
since other conditions were also present duodenal ulcer, cholelithiasis, 
chronic cholecystitis, catarrhal jaundice and anacidity One case was 
that of a neurotic girl, 24 years of age, who complained of vague 
intestinal rumblings and paresthesias She also presented a sex com- 
plex It was believed that possibly there was some relation between 
the Giardta infection and her abdominal complaints However, follow- 
ing treatment, with complete eradication of the infection, she still com- 
plained bitterly of the same vague abdominal symptoms which could not 
be dissociated from her psychoneurosis 

While it appeared that Giardta intestinahs infection in these cases 
was merely incidental, the view must be entertained that when another 
pathologic process is present in the duodenum or gall tract it may 
be aggravated b)’’ the activity of these flagellates 

TREATMENT 

The question of treatment is far from settled The multiplicity of 
drugs suggested is evidence of their inefficiency as cures Among the 
more common remedies suggested are calomel, turpentine, santonin, 
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SUMAfARY 

1 Gtmdia mtestinahs infection is not rare In the routine exami- 
nation of the duodenal contents in 170 residents of New York City, 
nine cases of this infection were found 

2 While Gtardm inicshnahs is probably capable ol producing a 
diarrhea of moderate severity, no symptoms attributable to this infec- 
tion could be definitely established m the cases presented 

3 Three patients weie treated with three aisphenamin injections 
in the usual doses at three to five-day intervals This piocedure was not 
successful in eradicating the infection in two cases One case in which 
the injections weie alternated with duodenal lavage with magnesium 
sulphate the patient remained fiee fiom the infection dining fourteen 
examinations of the duodenal contents over a period of six months 
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results Recently, Simon reported the use of repeated injections of 
arsphenamin in several cases followed by the disappearance of cysts 
from the stools However, insufficient data are given regarding the 
frequency of the examinations, and the duration of observation to 
prove his patients cured 

Of my senes, three patients, whose cases are summarized below, sub- 
mitted to treatment They were three women of approximately the 
same weight, and they received the usual doses of arsphenamin Only 
m the first case was a cure effected This case differed from the others 
in that a duodenal lavage with magnesium sulphate, for the purpose of 
recovering the parasite, was given between the intravenous injections 
Prior to the arsphenamin treatment repeated lavage with magnesium 
sulphate had failed to eliminate the organism It was believed at first 
that the disappearance of the parasite in this case was due to the action 
of the neoarsphenamm alone, therefore no duodenal lavage was given 
m the two subsequent cases However, m these two cases the infection 
reappeared It is possible that those organisms that are enmeshed in 
mucus, as in the duodenal flocculi, are protected against the action of 
the arsphenamin in the doses used Duodenal lavage with the hyper- 
tonic solution of magnesium sulphate can rid the host of such forms 

author’s cases 

Case 1 — Miss L G, aged 21, weight 102 pounds (4626 kg) Diagnosis 
Neurosis 

Tieatment — May 9, 1922, 045 gm neo-arsphenamm 

May 12, 1922, Duodenal lavage, 90 cc of 30 per cent of magnesium sulphate 
(No Giardia found in the duodenal contents) 

May 13, 1922, 045 gm neo-arsphenamm 

May 14, 1922, Duodenal lavage, 90 c c of 30 per cent of magnesium sulphate 
(No Gmidxa found in the duodenal contents) 

May 16, 1922, 0 45 gm neo-arsphenamm 

May 17, 1922, Duodenal lavage, 90 c c of 30 per cent of magnesium sulphate 
(No Gxardxa found in the duodenal contents) 

Result — Fourteen examinations of the duodenal contents, up to six months 
since the last treatment, were negative for Gxardxa 

Case 2 — Mrs F S , aged 31, weight 112 pounds (50 8 kg ) Diagnosis 
Chronic cholecystitis 

Tieatment — ^June 6, 1922, 0 3 gm of arsphenamm 

June 10, 1922, 0 3 gm of arsphenamin (Had arsphenamm reaction) 

June 15, 1922, 02 gm of arsphenamm (Had arsphenamin reaction) 

Result ^Aug 26, 1922, duodenal examination Gtatdia present Stool nega- 
tive for cysts 

Case 3— Mrs N D, aged 52, weight 118 pounds (81 kg) Diagnosis 
Anacidity 

Treatment July 1, 1922, 0 45 gm neo-arsphenamm 
July Of 1922, 0 45 gm neo-arsphenamin 
July 11, 1922, 0 45 gm neo-arsphenamm 

Result July 30, 1922, duodenal examination Giardta present Stool, 
vegetatne forms and cysts present 
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it to be of reflex origin due to sensitive nerves transmitting a inoiliul 
impiession to the cord, which was thence reflected to the muscles 
Gull,^- in 1856, did not accept Stanley’s views, and showed that the 
coid was actually altered Hayeni and Parmentier drew attention 
to the frequency of gonoirheal arthritis with spinal phenomena They 
believed that the nerve roots suftered an inflammatory reaction and that 
thei e must be a meningomyehtis Charcot expressed the opinion 
that such cases were only indirectly due to gononhea , that the spinal 
aflection was arthritic in origin, and that the existence of arthritis was 
an essential preliminary Nearly 55 per cent of the repoited cases 
exhibiting no joint involvement have been decisive against this theory 
Dufoui asserted that gonorrhea opens the dooi to secondary infec- 
tions which bring about myelitis The possibility of true gonorrheal 
metastasis to the spinal cord is conceded by Raymond and Cestan,’*’ 
while Moltschanoff seeks to demonstrate the effect of gonotoxin on 
the spinal ganglions of the neivous system Whether the changes 
produced m the spinal cord are due to a gonotoxin, to the action of the 
gonococci themselves or to secondary mv^aders, has never been defi- 
nitely established Although neithei bactenologic examination of the 
spinal fluid nor sections of the cord have yielded gonococci m any of 
the examinations, we are inclined to believe that the changes must be 
due to the direct action of the gonococci themselves through metastasis 
to the cord Were toxins alone to blame, it is reasonable to suppose 
that 111 the many severe gonorrheal infections seen, there wmuld be 
more cases of spinal cord involvement, and again, nearly 45 per cent 
of instances of myelitis of supposed gonorrheal origin show also some 
complication of an evident gonorrheal metastatic nature, for example, 
arthritis However, it may be, as O’Connor states, that gonorrheal 
complications cannot be rigidly attributed to the gonococcus alone, but, 
as 111 every other infective disease, every complication has a complex 
etiology 

In a careful survey of the literature for leported cases of myelitis 
following gonoriheal urethritis, we were able to find twenty-nine 
instances which ma} be accepted either from a clinical standpoint or 
from the anatomic findings m conjunction with the history Such 
records are those of Stanley,^ two cases by Gull,^- four cases by Ha>em 
and Parmentier,^^ Charcot,^ ‘ Dufour,^'^ two leports by O’Connor,^® 

12 Gull Med Qiir Tr 39 195, 1856 
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16 Raymond and Cestan Rev neurol 9 171, 1901 

17 Moltschanolf Arch Russ de Path 7 , 1899 

18 O’Connor Quart J At 15 69, 1921 
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The few cases reported in the literature of spinal cord involvement 
following a gonorrheal urethritis, and presumably due to a metastatic 
gonococcal infection or a gonotoxm, sufficiently support the possibility 
of such an occurrence, and it is the custom of textbook authors to 
devote a few lines to a general consideration of this subject A careful 
search through the literature failed to uncover any reported cases or 
review of cases of this condition by investigators in this country, and 
the few scattered reports by others are contained in foreign journals 
Because of the rarity of the condition and the fact that, so far as we 
have been able to determine, no review of reported cases has ever been 
made, we have compiled all available reports, and submit two such 
instances of our own 

Numeious records of gonorrheal meningitis are available, and while 
there has been considerable confusion and much discussion as to the 
diagnosis because of the similarity in characteristics of the gonococcus 
and the meningococcus, sufficiently controlled laboratory work has 
shown that the gonococcus may play the causative role in a meningitic 
infection Cases repoited establishing this fact both clinically and in 
the laboratory are those of Wooten,^ Henderson and Ritchie,^ Blind 
and Ricord,^ Boivin,^ Lmdenfeld,® Malleterre,® Rombach,'' Prochaska,® 
Chavrier and Fevrier,® and Gordon However, we have attempted 
to limit this paper to a consideration of cases in which there have been 
definite spinal cord changes without necessarily showing evidence of 
meningeal involvement 

Stanley, m 1833, was the first to describe paiaplegia occurring m 
the course of gonorrhea, calling it “urinary paraplegia,” and believing 


* From the department of cystoscopy, skin and venereal diseases. Cook 
Coimty Hospital, Chicago 
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the admission of the patient, the reflexes were somewhat exaggerated , they 
soon became variable, and at the end of a week were abolished Incontinence 
both of urine and feces was present from the time the patient was first seen 
the urinary incontinence being of the paradoxic type No evidence of patho- 
logic changes m the spine could be made out 

Laboratory Findmgs — The findings were red blood cell count, 4,960,000, 
white blood cell count, 11,400, differential white blood cell count polv- 
morphonuclears, 71 per cent , small lymphocytes, 12 per cent , large Ijmpho- 
cytes, 11 per cent , eosinophils, 1 per cent, transitionals, 5 per cent Urine 
examination of a catheteri7ed specimen showed a small amount of albumin 
with a large number of pus cells and a few red blood cells Smears from 
the urethra discharge disclosed a large number of gram-negative intra- 
cellular and extracellular diplococci, m typical gonnococcal arrangement, 
which were recovered as such on culturing Smears from the expressed pros- 
tatic and seminal secretions likewise showed similar organisms with a large 
number of pus cells Spinal fluid examination revealed a clear fluid under 
no increased pressure, no increase m the cell count and no globulin with the 
Ross-Jones, Nonne and Pandy tests Direct smears of the spinal fluid sediment 
revealed no organisms Cultures m broth and on blood agar and Lofiler’s 
serum, as well as on dibasic sodium phosphate ascitic agar, remained sterile 
up to the third day In sugar broth, smears revealed a gram-positivc coccus, 
while agar cultures from this broth remained sterile, probably a contamination 
Roentgen-ray examination of the dorsolumbar spine failed to show anj 
pathologic condition, while a tendency toward an osteo-arthritis was noted in 
the sacro-iliac articulations The blood Wassermann test was negative, as 
was that of the spinal fluid The Lange reading on the spinal fluid was 
0001110000 Blood chemistry determination gave the following figures total 
nitrogen, 2 750, nonprotein nitrogen, 28 00, urea nitrogen, 3829, urea, 8194, 
uric acid, 3 40 and creatinin, 1 67 A blood culture remained sterile after forty- 
eight hours 

Treatment and Course — Little elevation of temperature occurred, and the 
condition of the patient generally was good Urination by overflow was 
established, and urinary antiseptics given His condition remained stationarj 
until fourteen daj'^s after admission, when he developed a right epididymitis 
Intravenous injection of a polyvalent gonococcus vaccine was given and fol- 
lowed by some relief and diminution of the swelling of the affected epidid>mis 
On the fifteenth day there was evidence of a beginning decubitus ulcer despite 
the careful measures taken to prevent this The patient %\as placed on his 
abdomen on a Bradford frame, and all friction points carefully padded How- 
ever, the sacral ulcer continued to form, and finally exposed the sacrum for 
an area of about 12 cm in diameter There was marked edema of the scrotum 
and penis , his condition became progressively worse and was accompanied by a 
universal toxic erythema Death occurred on April 29, 1922, thirty-nine days 
after admission to the hospital and fortv-three after the onset of the sjmptoms 

Measures undertaken to secure a necropsj' were unavailing, except foi an 
examination of the brain This proved negative both grossly and histologicallj, 
except for a moderate amount of edema 

Case 2 — Hrstory—^ M, aged 26, single, an American, a chauffeur, 
entered Cook County Hospital on Jan 28, 1920, complaining of inability to 
urinate, difficulty in walking, and numbness and tingling of the lover extrem- 
ities He states that until the day preceding his entrance into the hospital he 
had been perfcctlv well, except for a chronic discharge from the penis, vhich 
had its onset in Alarch, 1919, and, following a temporary respite, had recurred 
in October 1919, to persist up to the present time Two da>s previous to his 
admission he first experienced some difficultj m urinating, chief!} marked b\ 
straining and some dribbling The following day he was unable to \oid was 
nauseated, vomited, had chills and some fe^er, and first noticed a tingling and 
numbness in his lower extremities, which, how'e\er, did not pre\cnt his getting 
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Eulenberg,^® four instances by Delamare,"® Peter, Tixier,^^ two cases 
by Spillmann and Haushalter,-'* von Leyden, “■* Speranski,""’ Pissavy 
and Stevenon,”® Olmer,-^ Rogalsky,-® Luys,-® Gowers,®® and Raynaud’s 
report of one case of Moreau’s and one of Gemy’s To these we wish 
to add the reports of two cases of our own 

REPORT OF CASES 

Case 1 — Hutoiy — Mr J SB, aged 23, single, Swedish, a salesman, 
entered Cook County Hospital on March 20, 1922, complaining of inability 
to walk or move his legs, inability to urinate and discharge from the penis 
He said that about two weeks previously he had first noticed the urethral 
discharge coming on seven days after exposure m intercourse He had 
endeavored to treat himself with various hand injections, and until four days 
ago had experienced no unusual s 3 mptoms At this time he first noticed a 
feeling of weakness in both lower limbs However, he remained up and about 
and paid little attention to the condition The following morning the weak- 
ness was more marked, and during the course of the day he experienced several 
chills lasting ten or fifteen minutes, followed by sweating and fever The 
weakness became progressively worse so that by evening he was confined to 
his bed The following day he was able to be up on his feet for short periods, 
but began experiencing some difficulty in voiding urine, and by evening this 
partial retention became complete so that it was necessary to catheterize 
him, a condition which had persisted until the time of his entrance into the 
hospital The following daj’’, which preceded his coming to the hospital, he 
was unable to stand or walk, or even to move his lower limbs — a paralysis 
which has remained unchanged 

The past history was negative, except for the usual childhood diseases and 
the removal of the tonsils The venereal history disclosed three previous 
gonorrheal infections The familj' history was essentially negative 

Physical Examination — This disclosed a well nourished male adult who, 
beyond his inability to walk, did not appear acutely ill Regional examina- 
tion proved to be negative or normal in all essentials, with the exception 
of the genitals and the extremities A profuse purulent discharge exuded 
from the urethra , the bladder extended about three fingerbreadths above the 
symphysis by^ percussion, the prostate was only Slightly enlarged and not 
excessively tender, although giving a false impression of enlargement because 
of the distended bladder The testicles were both present in the scrotum and 
with their epididymidides presented no abnormal findings The extremities 
exhibited a flaccid paralysis, although .this was not complete, the patient 
being 'able to move his toes slightly, and there was some response to the 
effort to bend the right knee Complete anesthesia both anteriorly and 
posteriorly^ up to the level of the anterior spines of the ilium was present On 
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health, with the exception of an acute and a chronic gonorrhea, the 
evidence fiom a clinical standpoint in favor of this is extremely strong, 
and certainly these two cases approximate in all their aspects those 
reported in the literature as gonoriheal myelitis 

A leview of the leported case histones found in the literature 
shows the occurrence of this condition m twenty-six males and three 
females The age incidence was between 15 and 40 years, with the 
greatest numbei occurring between the ages of 18 and 30 The gonor- 
iheal urethntis was determined as acute in one case, chronic in twenty- 
three instances and not given in five The number of infections ranged 
from one to “numeious,” the largest number given being three The 
duration of the infection at the time the patient presented the symptoms 
of myelitis ranged fiom “recent” to twelve years, the inajont} 
occurring between two months and a year aftei infection Of the 
twenty-nine cases, fourteen patients, or neaily 45 per cent , sufiered 
from a gonoirheal complication, of which twelve weie arthritic m 
nature chiefly involving the knees, theie was one case of endocarditis, 
and one of iiitis which were considered to be of gonorrheal origin 
The onset where mentioned was sudden in all of the cases Twenty-two 
of the cases began with pain in the back and along the thighs, to be 
shortly followed by the nervous manifestations , m two, the mode of 
onset was without piemonitory symptoms The sphincteis were not 
involved m seven cases, while sensation was undisturbed in two The 
presence of a decubitus ulcer was mentioned in four instances All 
of the patients showed motor loss in gi eater or less degree, and the 
reflexes were con espondingly involved Of the twenty-nine patients, 
eight, or about 24 per cent , died, of which number six went to neciopsy, 
with the resulting anatomic diagnosis of myelitis The length of time 
elapsing between the onset of the paralysis and deatli varied from six- 
teen hours to four months In two instances only were bulbar phe- 
nomena mentioned Complete recovery occurred in ten cases, or 34 per 
cent , recoveiy with one recurrence took place m one case, and reco\ery 
with foul recuirences m one case One patient was still m the hospital at 
the time of the lepoit, and three left the hospital befoie recovery, while 
m four instances the outcome was not mentioned 

Delamaie has divided these cases into acute, subacute and chronic 
manifestations, while Pissavy and Stevenon think that a good dividing 
line between slight and severe forms is stinck by the presence or 
absence of sphinctei tioubles All of the cases exhibiting acute onsets 
and symptoms died, and accepting Delamaie’s division, ^\e have found 
eight of the acute type, thiee subacute and eighteen of the chronic form 
of myelitis 

The pathologic changes so fai as the spinal cord is concerned, 
depend on the stage of degeneiation and the seventy of the inflain- 
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about On the morning of his admission, however, he said that his limbs were 
very weak, and m walking he was forced to drag his legs and to spread them 
far apart , then with considerable effort he was able to move about With 
the exception of diphtheria m 1914. his past illnesses were limited to the 
usual childhood diseases The venereal history dated from March, 1919, when 
the initial gonorrhea occurred He denied ever having had a chancre The 
family history was unimportant 

Physical Examination — This disclosed a white adult male, well nourished 
and developed, and apparently not acutely ill The bladder on percussion was 
found four fingerbreadths above the symphysis The urethra discharged a 
heavv yellow pus, while the testicles and epididymidides were normal The 
prostate was slightly enlarged and tender, although not markedly so The 
lower extremities were cyanotic and cold, and exhibited a marked loss of motor 
and sensory power However, there was not a complete paralysis, as the patient 
was able to bend both knees slightly, as well as flex and extend the toes, and 
motion from the hip joint was not entirely gone The reflexes were exaggerated, 
with slight ankle clonus and absent Babinski sign There was a noticeable loss 
of sensation, especially along the anterior surfaces, extending as high as the 
umbilicus, where a hyperesthetic zone was found Cystoscopic examination 
was made, a 24 F cathetenzing cystoscope passing without obstruction The 
bladder was tolerant to fluid and instrumentation, and 28 ounces (800 c c ) of 
retained urine was secured Marked atony of the bladder existed, the entire 
floor sagging, while a moderate silky trabeculation was present The ureteric 
orifices were seen to be greatly dilated, and no rhythmic contractions or efflux 
was present The entire cystoscopic picture was that seen m typical cases of 
cord lesion bladders Both kidneys were catheterized and specimens secured 
for cultural study 

Laboiatoiy Findings — Red blood cell count was 5,100,000, white blood cell 
count, 9,800 Urine examination revealed albumin in small amounts with many 
pus cells and a few red blood cells Catheterized kidney specimens revealed 
normal findings for both sides, chemically, culturally and microscopically 
Smears from the urethral discharge showed many pus cells and a large number 
of gram-negative intracellular and extracellular diplococci The blood Was- 
sermann test was negative, as was that on the spinal fluid Examination ot 
the spinal fluid revealed a clear fluid under slightly increased pressure, with 
negative globulin reactions and no increase m the cell count The Lange 
curve read 0011110000 Direct smears from the sediment revealed no organ- 
isms, and cultures on blood agar and Loffler’s serum, as well as in broth, 
remained sterile after fortj -eight hours A radiogram of the dorsolumbar 
region failed to reveal any spinal pathologic condition 

Com sc — Incontinence of urine and feces persisted until twelve daj's after 
admission, when he slowly began to recover the power of voluntary urination 
and defecation This was followed by a more rapid improvement in the motor 
function of the lower extremities, so that twenty-five days after admission 
and twenty-seven days after the onset of the symptoms, he was discharged 
from the hospital While at this time he was still somewhat weak he was 
able to move about with only slight dragging of the legs and straddling He 
was able to control the act of urination without straining or dribbling, and 
to all oliMous symptoms w'as well on the way to entire recovery This patient 
was seen again three jears later, and at this time exhibited no symptoms of 
his former difficulty and was apparently in perfect health 


COMMENT 

While It has been impossible to prove definitely the gonococcus as 
the etiologic factor in these cases from the standpoint of laboratory 
findings. It must be conceded that in two persons who were in perfect 
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the onset is slow , all extremities are invol\ eel, particular!) the extensors, 
while the bladdei and rectum are rarely aftected, and trophic changes 
are not seen In Landry’s paralysis, theie is a stead) ad\ance of the 
paiaplegia fiom the lower extremities upward, with undisturbed sensa- 
tion, retention of bladder and rectal control and reflexes In h)steria. 
reflexes are not disturbed, trophic changes are not present, and h)steiical 
stigmas aie obtainable, while the sensor) disturbance has a chaiactcristic 
outline \¥ith the exclusion of all othei possible causative agents, the 
basis foi the assumption that the gonococcus, in a patient sufleimg 
fiom a gonorrheal infection, is the causative factor producing the 
myelitis is peifectly logical 

The piognosis is, of couise, dependent on the changes piesent in 
the individual case, but in general it is to be consideied gra\e as to 
hfe and certainly as to complete recovery 

The tieatment in these cases is chief!) s)mptomatic, while the 
attempt is made to prevent the development of complications The 
wisdom of attempting to eiadicate the focus m the urethra b) actne 
measures diiected to the posterior uiethra is debatable, and m oui 
opinion eftorts directed tow^ard the building up of the geneial bod) 
resistance wall pio\e more effective The dangei of an ascending 
urinary infection is great, and it has been our expeiience m dealing 
wuth myelitis fiom any cause that the establishment of urination b) 
OAerflow^ IS not desiiable By means of a small suprapubic jnmctuie 
with the inseition of a catheter for drainage through a cannula, as in 
dealing wuth an empyema by the closed method, it is possible to secuie 
adequate drainage and to cany out s)Stematic lavage of the bladder 
The use of a Biadfoid frame, or a w^ater or air bed, w'lth caieful 
padding of all pressure points is essential in the avoidance of dystrophic 
bedsoies The nutntion of the muscles should be maintained b) 
intelligent massage oi elect rotherapeutic measuies from the beginning, 
and the position of the limbs should be fiequently changed The 
general physical condition should be watched caiefully, and be)ond the 
usual symptomatic measures, the treatment lesolves itself to the pre- 
vention of complications 
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matory piocess There is usually flattening of the cord at the seat of 
the lesion, and at this point it is much softer than the remainder On 
section, the distinction between the gray and white matter is lost or 
indistinct The microscope will show swelling and distortion of the 
nerve fibers, beading of the axis cylinders, abundant myelin droplets and 
sometimes corpora amylacea Swelling of the ganglion cells with 
granular and vacuolated protoplasm, distended veins, leukocytic infiltra- 
tion and degenerated nerve fibers are seen Following the acute stage, 
the so-called red oi inflammatory softening is succeeded by fatty 
degeneration, and a change in color to yellow and finally white as 
sclerosis sets in 

The symptoms are those common to myelitis from any cause The 
onset is usually sudden,^and the symptoms not long in manifesting them- 
selves There may be pain in the legs or back, or a girdle sensation, 
together with chills and sometimes convulsions Motor functions are 
rapidly lost, and following hypei esthesia sensation is disturbed Early 
the reflexes are exaggerated, later becoming variable and finally 
abolished The rectal and bladder splnncters are paralyzed, and there 
IS usually wasting of the muscles and trophic disturbances, while the 
temperature of the affected parts is lowered, and decubitus ulcers make 
their appearance The myelitis may be of an ascending type, with 
cervical paraplegia, bulbar symptoms and death In the acute cases 
the symptoms become aggravated, the pulse rapid, the tongue dry and 
delerium sets in to be followed by coma and death Patients with 
subacute and chronic cases usually recover, although the paraplegia 
may persist for some time, and occasionally there are recurrences, 
while trophic changes are not marked, and sphincter disturbances may 
be absent 

The diagnosis in these cases must be made chiefly by exclusion, 
and for this purpose a comprehensive history, a thorough physical 
examination with special attention to the neurologic findings and reliable 
laboratory determinations must be secured The rapid and progressive 
motor paralysis, the relaxation of the sphincters, corresponding sensory 
disturbances or anesthesia surmounted by a band of hyperesthesia, the 
muscular atrophy, exaggerated reflexes below the site of the lesion 
and the loss of faradic response m the muscles together with trophic 
changes and decubitus ulceis determine the question as to the presence 
of a myelitis The origin must be determined from the history, the 
evidence of traumatism, acute infectious diseases, syphilis, septicemia 
and spinal coid tumors Among the conditions to be differentiated are 
chiefly poliomyelitis, meningitis, multiple neuritis, Landry’s paralysis 
and hysteria In poliomyelitis, the motor loss is usually of the inono- 
plegic type, and sensory changes are generally absent In meningitis 
there is retention of motor power and reflexes In multiple neuntis 
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invade or infiltrate the sunounding tissues but often cause maiked 
displacement of the Mscera In Hodgkins disease the lungs 

ma} be mfiltiated gmng the impression of a tubeiculous ])rocess In 
roentgenogiams thei are represented bi sliadows ninth aie usnalli oial 
01 elongated and apjiear eithei singl) or massed togetlier ’ 

Accoiding to Kahn,'* “Ijmphosaicoma usual!} manifests itself as 
a laige single shadon and may occupi the greatei part of the chest 
Hodgkin’s disease roentgenologicalh resembles somewhat 
lymphosai coma , indeed the mediastinal shadows of these two diseases 
cannot be absolutel} differentiated ” 

Childs ' asserts that “1} mphosarcoma starts in the mediastinum and 
IS apt to inciease rapidly in size and mxolve the lung or pleura oi 
both Hodgkin’s disease is generally shown hy a para- 

tracheal, dense shadow projecting he}ond the mediastinum wnth a 
hordei eithei iiiegular m outline or circumscribed and clearh defined, 
wdiich extends over a considerable part of the median shadow These 
masses may attain to a large size, piojectmg hecond the mid-davicular 
nipple line, and extend the entiie length of the median shadow 
Occasionally only a unilateial mass piojects at the level of the hilus, 
ciicumsciihed h} a border similai to that aho\e described’’ 

In the wmik of Lemon and Do}le,® “Hodgkin’s disease is suspected 
when the i oentgenogi am leveals a bilateial feather} shadow' passing 
outw'aid fiom each lulus’’ And as to the lalue of radiogiaphic e\i- 
dence “A pathologic diagnosis haidh should be expected irom the 
roentgenogiaphic findings but m eight cases font of tw'ent}-six) a posi- 
tne opinion was reached ” 

RADIOGRAPHIC APPCVR\NCCS IN IICDGKIK’S DISCVSD \S IKTrilPRCTI D 

FROM TIIC PATIIOLOG\ 

To best mterpiet the ladiogiaphic appeal ances of Hodgkin’s disc.ise 
it IS necessaiy to have a clear pictuie of the gioss patholog} m mind 
as the plate is being examined ’ 

The enlarging glands form moie or less lohulated tumor masses 
the lobules being rathei smooth and disci ete, car} mg from the size of 
a pea to that of a hen’s egg oi laigei Since the glands are fairly 

4 Kahn, M X-Raj Studies of Mediastinal Shadows with Special Refer- 
ence to Dermoid Cist. 1 Radiol 3 4 5, 1922 

5 Quids, S B New Growths Withm the Ciicst Am T Roentgenol 10 
3-175, 1923 

6 Lemon, W S, and Do\le, T B Clinical Observations on Hodgkin’s 
Disease with Special Reference to Mediastinal Incohement \m 1 M Sc 162 
525, 1921 

7 Longcope, \\ T and McAlpin, K R Hodgkin’s Disease, Oxford 
Svstem 4 1, 1921 MacCalliim, W G Textbook of Pathologv Philadelphia 
W B Saunders Companv 1920 p 853 



MALIGNANT LYMPHOMA (HODGKIN’S DISEASE) 

A RADIOGRAPHIC STUDY 
LESTER R WHITAKER, MD 

CAMBRIDGE., MASS 

This investigation of Hodgkin’s disease is based on the study of 
forty cases examined radiographically at the Massachusetts General 
Hospital and seven cases of which necropsies were made 

Hodgkin’s disease is often confused in diagnosis with other condi- 
tions, especially tuberculosis, and patients are thus denied the benefits 
of roentgen-ray therapy One patient in oui series was sent to Arizona 
for tuberculosis, only to find out latei that the long trip was to no 
purpose 

The chest is the most fruitful field foi radiographic examination in 
this disease because the low density of the lungs allows masses of 
lymphomatous tissue to show up well, and because the chest is often 
involved — seven out of twenty-two cases which came to necropsy 

The radiographic appearance is characteristic enough to be of great 
value in the differentiation from other fonns of malignancy and 
tuberculosis 

REVIEW OF THE LITERATURE 

References to the radiographic diagnosis of Hodgkin’s disease are 
to be found chiefly in articles dealing with the radiographic diagnosis 
of mediastinal tumors and other intrathoracic conditions The only 
article dealing primarily with the radiographic findings in Hodgkin’s 
disease which I was able to find is one by Wessler and Greene, to be 
discussed later Since I shall discuss the i elation between Hodgkins 
disease and lymphosarcoma, quotations will be made from the liteiature 
on these two subjects 

Thomas ^ says that “lymphosarcoma is the most frequent mediastinal 
growth There may be observed distinct indications of irregular 
involvement of the adjacent tissues In Hodgkin’s disease the involved 
glands are apt to be quite large and discrete ” 

Walton ® sees in lymphosarcoma “irregular growths with sharply 
defined outlines often somewhat nodular in shape and extending far 
beyond the limits of the mediastinum These tumors do not tend to 

1 Wessler, H, and Greene, C M Intra-thoracic Hodgkin’s Disease Rs 
Roentgen Diagnosis, J A M A 74 445 (Feb 14) 1920 

2 Thomas, George F The Roentgen Diagnosis of Lesions in the Region 
of the Mediastinum, Am J Roentgenol 1 133, 1914 

3 Walton, H J Roentgenological Examination of the Mediastinum 
Am J Roentgenol 5 181, 1918 
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Seven of oui foily patients had jdcui.il cfliisions, h\e in tlie left, 
<ind one in bolli })]eni,il cavities ( Fif^s lO.ind 13 ) Lemon and l)(»_\!e'’ 
found fluid in foui out of twenty-six cases 

lYI’LS 01 I^MKA1 IJOHAClt INVOLVIMUM IX IIODGKIx’s DISI ASI 
ACCOimiNO iO aADIOORAl’IHC l]NDI^(iS 

Wesslci and Cjicene,’ fiom a slud^ of twenty-flvc cases i.idio- 
gia])lncal]y, liave divided intiatlioiacic involvement m Hodgkin's ilisease 
into foui giou])s 

G)onp 1 — Mediastinal Ttimoi Diese aie masses extending out 
fiom tlie mediastinum into the lungs — eight of the twent)-fi\e cases 
Twenty-two of oui foily cases showed this conditmn (I'igs 3, 4, 12 
and 1 3) 



Fig 2 — HodgkiiiS disease ijpieal iiodulai sli ulows al right hiiiis, --Iigdit 
uppei mcdiaslin.il involvtnicnl A m.nn, aged 26, fur four imniths Ii id stitie 
jiaiii m tiic inps, legs .and Imek Me h.id a wliee/t eoiigh .it niglit, hut lliert 
was no sputum Mis anpctitc w.is pooi , iu lost H pounds (6<S Kg) in six 
months 3hcic had lieen no cxposuie to tnhei eiilosis .md tiu re u is hoik in 
his familv Plnsieal t x.imm.itioii icvcakd sm.ill diserete nodes in tin intK, 
dninoss oven the impei fmii doisa! eeitelir.ie, snpi.ieaidi.ic dnlness, V cm 
Jilood examination levc.ilod i uliite hlood count of from 19600 to lyiOO poh- 
moi phomitic.u s, fiom 80 to 92 pci cent , hmphocites, fiom 2 to 11 per ciiit , 
huge nionomieIt.il s, fiom 6 to 10 pei tent cosinofihils, fiom 2 to 2 per cent 
The ltd blood touiit was 1900,000, ind litinoglohm from sO to .SO pir unt In 
the e\ening, the tempei .itiii t rose to from 102 to 101 1', with morning rtmis- 
sions l.isting tw'entj da>s, ten da\s after ioentgen-ia\ tre itnieiit Mie hioiisj 
itpoit w'.is malign int lymphoma 

Gioup 2 — Infilti.itne T}pe, foui cases “Boideis of the mfiltr.iting 
mass aie indistinct and niegulai It im> he .i difliisc Ir.msfoi m.ition of 
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dense and homogeneous the radiographic appearance is somewhat like 
a silhouette of a lobulated mass extending into the lung field 

The glands vary considerably in density because fibrosis in them is 
progressive The result is that in early cases the radiographic shadows 
are less dense than m older cases, and sometimes the outlines of several 
lobules can be distinctly seen (Figs 2 and 14) In oldei cases, the 
lobulation may be lost and the appearance of a large tumor mass may 
be seen in the mediastinum (Figs 3 and 4) Matting of the nodes 
together by fibrosis occurs after secondary infection or loentgen-ray 
treatment® On account of this fibrosis, the laige tumor masses of 



Fig 1 — Normal chest, some evidence of peribronchial thickening, but within 
normal limits 

Hodgkin’s disease seldom have the regular outlines of an aneur}sm 
or mediastinal carcinoma 

Occasionally in late or acute cases, instead of expanding evenly, the 
lymphomatous masses infiltrate the lung tissue,® extending out from 
the hiltis and giving somewhat the appearance of the peribronchial 
thickening and diffuse clouding of the lung fields seen in bioncho- 
pneumonia (Figs 6, 7 , 8 and 9) 

Two of the seven cases that came to necropsy had lymphomatous 
infiltration of the lungs (Figs 8 and 9) 


8 Footnote 6 Longcope Footnote 7 

9 Footnotes 1 and 3 




I ly ' — I ill (_ i-( r>} HofL'km's di''t (sc uitli iii)i)Lr mediastinal irnohcmcnt 
I \ II VC irs 'ii’o, 1 111 111 ii;cd 35 , noticed a nodular ridge ilioec the right cHmcIc 
vlmh jn ’ shiv K J hi re vere no •^Miiptoins until nine months betore s\hen 
el'e'ot d\sp,iei i.id dveplimn began gradualh inereasing Ph3sical examim- 
t.o 1 re\e ‘Kd I irg( nodes in the neck and 'i\ilhe, hard, painless, discrete and 
iTeel, tiio ible llu ehesi findings were dulness, bronchial breathing and 
r’hs o,t-tlK upiK r liihes m both chests 'I liis w is a t\pical case of Hodgkin’s 
(list isi ind rot luei ii-r 1% tre itment ua\e marked rclmf 



]',jr 4 s, case is in I'lgure 3 after six months of roentgen-raj trcatmcni 
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intra-pulmonar}'- lymphatic tissue into granuloma” (Wessler and 
Greene) Eleven of our cases showed this condition (Figs 6, 7, 8 
and 9) 

This may represent the condition which some classify as lyinpho- 
saicoma 

Gi oup 3 — Isolated Nodules or Metastases in the Lung Four cases 
“Circular or oval shadows of moderate density, usually one to several 
centimeters in diameter Probably these shadows aie due to the devel- 
opment of lymphomatous foci in pre-existmg lymphatic tissue 
(Wessler and Greene ) 

None of our series showed this condition clearly on the radiograph 
although one of the seven cases that came to necropsy did show masses 
of lymphomatous tissue 1 to 3 cm m diameter m the upper lobes 
(Fig 8) 

One possible source of error in interpreting oval or circular 
shadows a few centimeters in diameter is that the)'^ may represent 
fibrotic areas of some old pathologic piocess For instance, two of our 
seven at necropsy showed foci of obsolete tuberculosis in the lungs 

Gioitp 4 — Discrete Nodes at the Roots of the Lungs Seventeen 
cases “This is the most common type The shadows often extend 
for a considerable distance from the roots of the lungs and retain a 
definite outline The shadows are rather faint, dififenng in this respect 
from other forms of malignancy and tuberculosis ” (Wessler and 
Greene ) 

Thirty-three of our foity cases showed this condition radiograph- 
ically, being b} far the most common type of invoh ement in our series 
as well as in theirs (Figs 2, 14 and 15) 

The faintness of the shadows mentioned by Wessler and Greene 
may be due to young lesions before much fibiosis has taken place in the 
nodes It would seem that homogeneity of the shadows is a more 
important factor in their dififei entiation from tuberculosis In that 
disease, the shadows are of ii regular density showing some very dense 
spots due to calcification 

In fourteen of their twenty-five cases the} noted an involvement of 
the right paratracheal nodes , they considered this a factoi of impor- 
tance in differentiating Hodgkin’s disease from tuberculosis and other 
forms of malignancy, except in the tuberculosis of children in which 
these glands are often affected 

Seventeen of our forty cases showed this condition, or at least 
showed a widening of the upper mediastinal shadows (Figs 2, 12 
and 13) 


10 Footnotes 2 and 5 




1 1 ^’' / iiuc c I'-c IS 111 1 imirt. 6 1 liL Uniplionia is reduced iii sire and 

di'i'-n\ as tin rtsiiU ni fixe months of rotnlptn-ra\ treatment 



Tij' 8 — llodt’km's disease with nodules of lympliomatous tissue in the 
luiif-'s at iieeiopsN Jlieie was a lymphoma of tiic hionclnai glands, with masses 
of iMiiphom itous tissue from I to 3 cm in diameter in the upper lobes The 
roeiitgenogi im indicates ,i difTusc peribronchial process involving chiefly the 
hilums ind upper lobes '1 he small, indistinct shadows m the lung fields may 
indicate infiltrating masses of lymphoma oi they may indicate fibrotic aieas of 
an old inflammatory process 




Fig 5 — Carcinoma of the mediastinum A man, aged 53, had dyspnea and 
djsphagia, with slight dulness at the apexes of the lungs and at the left base 
Fluoroscopic examination revealed a nonpulsating mass behind the heart, 
trachea and esophagus, and slight erosion of the bodies of the vertebrae The 
roentgenogram showed a large, clearly outlined mass so dense that its borders 
^^ere seen through the heart The diagnosis was mediastinal carcinoma 



Fig 6 Hodgkin’s disease with infiltration of the lung There were enlarged 
nodes in the neck three months before this roentgenogram i\as taken, but the 
lungs \s ere negatn e at that time 
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^LCU01’S^ riN DINGS 

Ot GUI veiies of bc\en cases of malignant lymphoma with mtia- 
Ihoiacic nnohcmcnt which came to neciops}, six show^ed mediastinal 
nnohemcni. tlnee hilus nodules two lung mfiltiation and one isolated 
nodulc'' ot 1\ mphomatoiib tissue m the lungs 

1 hchc\e that the best method of appioach to a piohlem of this kind 
is an mici]u elation ol the ladiogiaphie appeal anees from the pathology 
ot the disease nndei consideiation In am gnen case the pathologc 
\.ines with the eonise of the disease .md theie is leason to think that 
the lachogi .iphic ajipcai antes would \.ii\ also A case which at hist 
would tome nndei the mediastinal or hilus l\pe might latei become 
mlilti.iting 

nii'irui:Mi\L di toxxosis 

Lymj^hosa) louw — The knowledge of the jiatholog} of this tiimoi is 
so mdelhiite that 1\ mphosaieoma cannot he s.ud to he essentiall}' dif- 
icicnt fiom Hodgkins disease MacCalliim “ belie\es that the two 
conditions aie distinct while Bunting’- holds the opposite opinion 
Muellci has picsented endence that Kmphosarcoma is a lapidly 
]u<»grcssi\e fniin of Hodgkin’s disease The teim malignant lymphoma, 
which mam pathologists aiiph to Hodgkin’s disease, would seem to 
include 1\ mphosaieoma \\ c agree with K.ihn ' that the tw'o conditions 
cannot he diflci cnti.Ued ladiogiajihicalK Figuies 6, 7 and 9 might 
\er\ well lepic'sent lunjihosaicoma 

MciaHotu Soicoma — Metastascs m saicoma aie usuall} blood 
home rhe\ commonh spnng up in the lung jiaienchjma giving 
deiinilc ia(liogi,i])hic sh.idows m the lung liclds Figuie 16 show^s 
dense well deiined shadows ,it the h.iscs, jiaitly obscuimg the heait 
shadow riicc lesemhlc somewhat those of Hodgkin’s disease In the 
lattei coiKlition howe\ei lumois sjuing up m pieexistmg lymph nodes, 
which jilacc's the sh.idows usualh in the lulus or uppei mediastinal 
legions 

C tn ( uioiiui — '1 he giowths in caicinom.i .ue m geneial densei and 
c\cn more disci etc th.in those of hmphoma, wuth the lesult that the 
i.idiogi.i])hic sh.idows aie more definite and have shaipci outlines 
(Figs s .111(1 17) Dlet.istatic caicmoina often shows isolated nodules 
111 the lung suhst.mce which cast pionounced ladiogiaphic shadow's 

11 icC illiiin, W G On the Pithological An.itomy of Lymphosarcoma 
'iiui Its Stilus witli Rcl itioii to Hodgkin’s Disease, Bull Tohns Hopkins Hosp 
18 337. 1907 

12 Bunting, C 11 Lemphosartonn, Nelson’s Loose Leaf System of Medi- 
cine 8 306 

13 MiulUr, T Relation of Hodgkin’s Disease to Sarcoma, J Med Res 
42 325, 1921 




Fig 9 — Hodgkin’s disease, rapidly fatal Necropsy revealed lymphoma of 
the mediastinal and bronchial lymph nodes infiltrating the lungs and mvohing 
the pleura This might have been a case of lymphosarcoma 



Fig 10 Hodgkin’s disease with fluid A man, aged 39, had a cold and 
a cough nine months before this roentgenogram was taken The loss of 10 
pounds (4 5 kg) of body weight was followed by wheezing and djspnea on 
exertion Phjsical examination revealed general glandular enlargement From 
the right pleural car ity, 1,500 c c of straw-colored fluid, with a specific gravity 
of 1 020, and clotting quickly, was removed The enlarged, definitely outlined 
shadow suggests a bmphomatous growth 



I'lg 11 — '^TiiK c.isl as in Figure 10, llirce inoiitlis later 



I ig 12 — Hodgkin’s disc isL, \\illi upper intdiaslinal involvement A man, aged 
28, one \<-ai ago noticed i sncllmg in the neck, but he had no othei sjaiiptoms 
Pinsieal c\ unmation ie\ealed sliotty, discrete, bean-sired lymph nodes in the 
neek and axillae, with supracardiac duincss 11 cm m the first interspace, and 
D’Cspiiu’s sign to the tenth doisal \ertehia The tempeiature, fiom 99 to 100 F 
for the first six dajs m the hospital, w'as reduced bv roentgen-ray treatment 
Recording to the blood count, theie weic from 14,000 to 19,000 wdiite blood 
coriniscles, 76 per cent polymorphonucicars, 10 per cent lymphocytes, 14 pei 
cent large monomielears 'J he biopsy repoit w'as malignant Ivmphoma 
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Wessler and Greene have seen radiographic evidence of isolated 
nodules in the lungs in four of their twenty-five cases of Hodgkin’s 
disease None of our cases gave this evidence on the plates, although 
one of the seven cases on which neciopsy was performed had lympho- 
matous nodules in the lungs (Plate 8) MacCullum found numerous 
large discrete nodules scattered in the lung tissue in one case at 
necropsy 

We believe that isolated shadows, in the lung fields, circular or 
oval in shape and rathei dense, are good evidence against Hodgkin’s 
disease and in favor of metastatic carcinoma or sarcoma 

Enlmged Hihiscs and Cluonic Inflaimuato) y P)occsscs — The size 
of the shadows at the roots of the lungs varies so greatly that it is 
difficult to determine their normal limits Every inflammation or 
irritation, acute or chronic, supposedly contributes to a thickening of 
the nodes about the lung loots 

Occasionally a hilus shadow has a distinct outline or a suggestion 
of lobulation which lesembles Hodgkin’s disease 

In Figure 18, both hiltis shadows are thickened That on the right 
has a distinct outline The fact that it is not lobulated and tapers to a 
point toward the base of the lung is evidence against Hodgkin’s dis- 
ease The patient had tertiaiy syphilis with dyspnea and aphonia 
Tuhci cnlosis — By fai the most imj^ortant condition to difterentiate 
from Hodgkin’s disease is tuberculosis Tuberculosis might be con- 
sidered a glandular disease, since the lymph nodes are almost con- 
stantly involved secondarily to focal infection Many believe Hodgkin’s 
disease has a similar origin These diseases are almost similar, both 
from a clinical and a pathologic point of view This results in many 
erioneous diagnoses and much disadvantage to patients 

The prime reason for early differentiation of Hodgkin’s disease 
from pulmonary or glandular tuberculosis is that roentgen-ray treat- 
ment, even though it does not cuie, piolongs the lives and greatly 
enhances the comfort of patients with Hodgkin’s disease 

Compai ative Pathology of Tubci culosis and Hodgkin’s Disease- 
There may be generalized or localized glandular enlargement in both 
diseases The glands about the roots of the lungs are commonly 
affected in both , often in tuberculosis, and occasionally in Hodgkin s 
disease, they are the only glands affected,® so that radiographic differ- 
entiation becomes important 

The difference in the intiathoracic pathology^ of the two conditions 
IS that Hodgkin’s disease, so far as our investigation has been able to 


14 MacCallum Footnote 7 



I'll.' 1^— ‘'iHK i.isc III PiKUic 1-1 llic rointRiiiOfiiam snows tlic iccluc- 
I <<ii III (kii'-ilv .iMcr fi\t iiKinllis r<»ti)tpt.n-n\ trcalintiil 



l'i4 If) — Ikiiostcil saicoina, nittastascs to lungs, w'ltli dense lobnlated 
sindous .11 liolli lusts A l)o\ aged 18 , had a periosteal saitoni.i of the left 
nhi i Hurt was dyspnea, and dnhuss at the h.iscs of both lungs Fiom the 
lift suit of tht thest, SO c c of bIood\ fluid wms taktn T lie biops\ itport w'as 
osltogintlit sartom I In Hodgkin's diseast the shadow's aie seen highci up, 
III the regions of the hinph nodes — in the upper mediastinum and the hilums 




Fig 13 — Same case as in Figure 12 after eight months’ roentgen-ray treatment 



Fig 14 Hodgkins disease, lobulated shadows at the hilums A man, aged 
3-, had night sweats one year before He lost weight and strength and coughed, 
but there was little sputum He had slight dyspnea on exertion There was 
no history of exposure to tuberculosis, but he was sent to Arizona The dyspnea 
^adually became worse Physical examination revealed no enlarged nodes m 
1 /^ groins, and the chest was clear The temperature, from 

100 to 101 F for one week, was reduced by roentgen-raj' treatment The white 
blood count was 18,000, there were from 73 to 82 per cent polymorphonuclears, 
5 per cent lymphocjdes and from 12 to 18 per cent large mononuclears The 
hemoglobin was 80 per cent Figure 14 shows definitely lobulated shadows at 
both hilums 




I'ljr lo — 01,1 tuliLruiloMs I lie shadows represent ealcificd aieas in the 
reei'in oi tlu neht Inlnin The ]ironounced mottling in the field of the left lung 
shuiild he conipired with Figures 6 7 and 8 



Fig 20 — 1 iihereiilosis with hiuini h.uiow-, lesemhling Hodgkin’s disease 
'1 he case was elinieallj tuberculosis, the diagnosis not being confiimod In 
sputiini, Init owing to the suggestion of lobulation at the hilums in the ''oent- 
geiiogram and the lack of dense areas suggesting calcification, Hodgkin’s dis- 
ease w is suspected 1 he pronounced mottling extending into the field of the 
right lung, howe\cr, together with the fact that the patient was up and about, 
made i diagnosis of Hodgkin’s disease doubtful Roentgen-ray treatment had 
no effeet on the shadows 



Fig 17 — Metastatic carcinoma, dense, homogeneous, sharplj' outlined, cir- 
cular and oval shadows m the lung fields This illustration should be compared 
with Figure 8, which showed lymphomatous nodules m the lung at necropsj 



Fig 18 — Enlarged hilum shadow due to old inflammatory processes A 
woman, aged 42, had dyspnea, slightly enlarged lymph nodes m the right side 
of the neck, paraE-^sis of the left vocal cord and a strongly positive Wasser- 
mann test The' biopsy report on a cervical lymph node was tuberculosis or 
syphilis A diagnosis of tertiary syphilis was made The shadow is not 
definitely lobulated as m Hodgkin’s disease 
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Owintj to (lelinilc diHcienccs in pathology and the lesnltmg ladio- 
graplnc apiicaraiKcs this tan be accomplished in the majoiily of 
instances 

1 he most funilnl method of appro.ich to a study of this kind is by 
an intei]netation ot the ladiogiaphic appeal ances .iccoidmg to the 
pathologx of the diseases nndei consideiation 
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show, starts in the glands of the mediastinum or hilus, which grow by 
expansion and produce lobulations or infiltrations, while tuberculosis in 
adults at least usually starts in a focus at the periphery of the lung 
and infects the lymphatics running to the hilus where massive infection 
takes place 

Typically, the radiographic shadows in Hodgkin’s disease are con- 
fined to the midportion of the chest, while in tuberculosis the mottling 
often extends all the way to the periphery In acute and severe cases 
of Hodgkin’s disease, there may rarely be some mottling of the fields of 
the lung Owing to fibrosis and calcification, however, the fields of the 
lung in tuberculosis will show a more pronounced mottling and greater 
irregularity in density of shadow than in Hodgkin’s disease 

In the less common hilus tuberculosis, the process may be confined 
to this region, but since infiltration tends to occur along the lymphatics, 
the radiographic shadows tend to streak out radially from the hilus, 
giving an irregular outline The shadow varies markedly m density, 
owing to calcified nodes, caseation and irregular fibrosis 

This picture offers considerable contrast to the lather homogeneous, 
lobulated shadows with more regular bordeis seen in Hodgkin’s disease 

THE ROENTGEN-RAY THERAPEUTIC TEST 

One of the most useful methods of differentiating Hodgkin’s dis- 
ease from other conditions, especially carcinoma or tuberculosis, is the 
roentgen-ray therapeutic test Blankenliorn consideis this to be 
almost diagnostic A rapid and marked reduction in the size of the 
lymphoma is demonstrable by radiograph after one or two treatments, 
especially if the case is an early one before much fibrosis has taken 
place in the affected nodes (Figs 3, 4, 6, 7, 12, 13, 14 and 15 show 
the effect of roentgen-ray treatment ) 

CONCLUSIONS 

The roentgen ray is a feasible measure to employ as an aid to the 
diagnosis of Hodgkin’s disease because the intrathoracic nodes are often 
immlved in this disease, and the radiographic appearances are fairly 
characteristic 

In rare cases in which the lymphoma is confined to the thorax and 
biopsy IS not possible, the roentgen ray may greatly aid the diagnosis 

Hodgkin’s disease is indicated when the radiograph shows homo- 
geneous, roughly lobulated shadows in the mediastinal or hilus regions, 
which shrink rapidly under roentgen-ray treatment Tuberculosis is 
the most important condition to differentiate from Hodgkin’s disease 

15 Blankenhorn, M A Affections of the Mediastinum, Nelson’s Loose 
Leaf System of Medicine 3 578 
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of aoUn. and nnoc.iulial in\.i‘'Km ui •'\phihs A bncf selection fiom 
the litciatnic indicates the N.inini^ ficqucncc with which tins condition 
ha'- heen noted 

(tiuhei ' in 6 000 ncciops\ iccinds found .u>iIk scphilis in d ])cr 
cent Maich.ind * in 2^(i neciopsic"' i>n 'siihicct*' with .iccinncd s\pliilis 
found .loilic discM'-e in 211 oi .dnnit 82 iiei cent Oheindoifei ' in 
l.d^t) neciop''ies on .idiilt'' toiiiid scphiliiic aoitic di''ea''e in ninei\-nine 
c.i^'C"' in toit\ the di''(..i''e w.i^ not noted until ncciop''\ ‘^l.ullei ' 
lonnd at>itK iinohemcnt in 82 pei cent of l^fi c.i'-cs oi s\plnhs in 
which neciop''\ had heen peitoinicd 

I eniann ind Matte-'"' -'tiidu-d the hc.iit and aoita of KX) coiisecn- 
ti\e ncciop-'ie- In tin-' ''Ciic-' iluie wcie thiec .inenrx ''in‘' ritu-ti\e 
oi the 100 '•hnwctl the aojtu chanjtc-' which ha\e heen de-'Ciihed as 

ithoitnonionic of ‘'\phihs sjnrochete'' wcie found in the loita oi two 
ca^e^ W aithin " found actnc Ic-'inii'' in the heail thiit\-'i\ limes and 
in the aoit.i thiit\-two times ui tuit\-tme ca-'cs ,it neciopsc , m twcnt\- 
h\c of these svpluhs had not hcca diagnosed clinicall\ l-amh’s’* 
statistics cumjirise 1 tt2-l nccio]>sn.s ui which foit\-sc\in cases ot 
aoititis veie noted ten of thc-'C weie ancun-'ins ^vphihtu .loititi-- 
le presented Id pei cent ot the c.udi.ic ca'-e-- W’hicli iiuhideil heait 
conditions sccondiu to nciihntis and hepcitensum lluhcit” stated 
th.it .lortitis conijniscd 70 pei cent of all c.ises of mscci.i 1 s\j)hihs md 
Id 6 j>er cent of s\plulis m itenei.d 

'I he \\ .isscrm.mn test h.is heen nnmel to \ield .i l.iifie jnojioition ot 
posuicc leactions in c.i-'C-s di.iqnoscd as .loititis tition” elicited a 
])osUj\c \\ .issci in inn ic.ution in 60 ]iei cent of c.ises of ao.tic insiilTi- 
cicnce ( )f sc\cnt\-oiie m.iiUed c.iscs of .mitie s\philis Olieindorfer '' 
leportcd a positive W .isseim.inn leaction m si\t_v -seven Pearce' col- 
lected seventv c.ises ot .loititis fiom the literatuie. m 78 s pci cent of 
whicii the W .issenn.inn ic.iclion w.is positive Faeh elicited ,i positive 
rc.iction in .81 8 per cent of foitv-ioiii c.ises which showed ch.ii.ictei- 
isiic sviihihlic .loitie disc.isc at necrojisv. hut m some inst.inces jmst- 
moilem hlood was used in the lest, which lendeis the lesults douhtfnl 

6 t>rul)Cr fj H Lcl _r die Doctile-llclUi'schc Aoititis, Icn.i 191d 

7 M.arclnnd \'crliiiidl d dcutsch p.illi ficscllstli G 157, 1905 

8 Olicrndorfcr Mtiiiclicii imd Wchnschi GO 505 (M irili) 1915 

9 St idler Sviiliililic \ortciicrki .inKun>> G Fischci, Icii.i 1912 

10 Ia.mann, 1 1 md M itlcs, A Soulli M I Sept, 1920, ji 625 

II Warthin, S \in J M Sc 152 508 (Ocl ) 1916 

12 L'lmi), A K Nelson's Livintr Medicine, New AoiK, f Nelson, 4, 1920 

n ffniicrt, G Dcntscli Aicli f klin Med 128 517 (Fch) 1919 

14 Cition, J llcrl klin Wchnsclir 45 2142 (Nov ) 1908 

15 Pe.irec, R M 1 he W.isscnnann Reaction in the PatholoRv, Dia}>nosis 
and 'I mlnicnl of S\])iiilis, Aieli hit Med G 478 (Nov 5 1910 

16 Ficli P Frankfiiitci Ztschr f Path 7 575, 1911 



CLINICAL AND ROENTGENOLOGIC STUDY OF ONE 
HUNDRED AND FIVE CASES OF SYPHILIS WITH 
REFERENCE TO THE CARDIOVASCULAR 

SYSTEM > 

EDWARD STEINFIELD, MD, GEORGE E PFAHLER, MD 

AND 

JOSEPH V KLAUDER, MD 

PHILADELPHIA 

This paper concerns itself with the clinical and roentgenologic study 
of 105 patients known to he syphilitic, \\nth particular reference to the 
piesence of cardiovascular disease The association of central nervous 
involvement with aortic disease and the specific treatment of aortic 
syphilis were consideied to be not without interest The roentgenologic 
evidence of aortic syphilis m paiticular is treated in an additional sec- 
tion by Dr Pfahler 

The study of cardiovascular disease in syphilis received its impetus 
particularly by the recognition of a chaiactenstic and frequent aortic 
m\ olvenient Although the earliest systematic description of aortic 
sjphihs is ascribed to Doehle,^ and Hellei,- their eftorts were antici- 
pated by Francis FI Welch ® who, in November, 1875, read a paper on 
117 cases of aortitis, m 46 per cent of which theie was a clear recoid 
of syphilis He also reported a series of fifty-six cases of fatal syphilis, 
of which thirty-four piesented aortic lesions Another early contribu- 
tion IS that of Heibeig,'* who, m Christiana, m 1876, reported on the 
relation of aneuiysin and arterial disease to syphilis Kref tings ^ has 
called attention to this record Since this time an ever increasing 
hteiature has testified to the growing interest and understanding of this 
subject In recent tunes, the earlier recognition of aortitis has been 
facilitated by accurate complement-fixation tests for syphilis and by 
roentgenologic methods These methods of precision and the testiinou) 
of formei and lecent pathologic studies have revealed a high incidence 

* From the Department of Dermatologj'" and Sj'^philology, clinic of Dr 
Jaj F Schamberg and the medical clinic of Dr R Max Goepp, Graduate School 
of Medicine University of Pennsylvania 

* Roentgenologic study aided by a grant from the Research Institute of 
Cutaneous Medicine 

1 Doehle Inaug Diss , Kiel, 1885, Deutsch Arch f klin Med 55 190, 

2 Heller, A Verhandl d deutsch path Gesellsch , vol 2, 1899 

3 Welch F H Med -Chir Trans Ser 2 vol 41 1876 

4 Heiberg, H Norsk Mag f Laegevidensk 6 55, 1876 

5 Kreftmgs, R Berl klin Wchnschr 47 713, 1910 
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the mlinm and ihcic aic nnmbcis of i^'clalcd oi conflv\cnt gia\ish 
ItansliKcnt oi \cllo\\i''Ii nodiilai aicas, some of winch h<i\c cicatricial 
puckeiing in ihc ceiitci Unices thcic is a sccondaic dcjiosii of cal- 
caicous material, the legions do not icscmblc the aicas of calcified 
plaques noi idcci alums usually seen in the moic distal portions of the 
aoita 111 atheioma 1 he walls ot the aflcctcd poitioii of the acuta aic 
thinned out in pl.ices w’llh small aiicunsin.d pouchings 'Iheie is often 
thickening and ‘-bunking ot the aoitic \al\es and uai rowing aiound the 
mouth'- oi the coionan \essels The ascending aoila ina\ be umfoimh 
dilated, with iinoKemeiU of the aoitic \al\es 1 his tepe ot diftuse 
aortic dilat uiou was dc'-ciibed as e.uK as ISIS b\ llodg'-on'" and i'- 
s\stcm,itical!\ desciihcd in its relation to s\phihs b\ McCiae-* 

Muro'-copic.ilK the lesioii'- arc '■cen to be mflamm.itoi \ and not of 
a degcnciatnc cbaiactei .i*- in .itbeioma Ihcie aie aieas ot inhlti.ition 
about the xa'-a \a'-oruin in the acKentitia and media with hinphoid 
ecu'- jiki'-ma cells and gi.int cells, theie is fi.igineiitation ol the el.i'-iie 
ii-^ue with leplKemeiit h\ fibious ti''sue containing waiideiing cells 
'I he Ultima max '-how a thickened libious change, but theie i'- little fat 
Ol c.ilcium dciio'-it a*- in .ithcioma 'Ihc peii-adxentili.il Kiiiph nodes 
haxe been noted to be enkiiged in coiuiinction with these lesions 'Ihc 
)iredileelion of the spuochete foi the pio\ini,d aoita b.is been e\plamed 
b\ Klot/-' to be due prob.ddx to the iicb netwoik of l\mph,itics diam- 
mg the outer wall of the aort.i and communK.iting with huge hiiipli 
channels 'i hough it is .iigued b\ some obseixers that the ])redilection 
tor the Ixmph.itic <h.un.igc bed in the tboia\ lemains to be explained 
It appe.iis to be be .in iiiipoitant obseixation 

SI MPIOM XlOLOl.X 

'1 he sxmpioms of .lortic syphilis aie thoiaeic ji.iin — usuallx stib- 
sieinal oi preeoidial — dxspne.i, jialpitation of the hc.iit, cough, changes 
in xoiee weakness, edem.i of the ankles and sometimes loss in weight 
'rile tlior.icie p.iin m.ix take on the eharaclci istics of .i true angina with 
ladiatioii of pain down the left aim, or max be comjilaincd of as meielx 
a sense of ojipicssioii m the chest '1 he dispnea may in some eases be 
of .1 paroxxsmal n.itiiie It is of xital inijioi lance that caidiac sxphilis 
he di.ignosed ,it the eaihest iiossiblc tunc When one coiisidcis the long 
])eriod between the tunc xvhen the heait and aoita are invaded to the 
fr.ink development of suhjeetive and objeelixe sunploms, it becomes 
appaieiit that eompaiativelx minoi signs .ire sufficient to wan ant a 
jiresumptive diagnosis 'riicse early signs maj be confined to some 
tenderness over the manubiuim, a systolic muiinui at the aoitic aiea 

28 Hodgson, J AT realise on the Diso.ibcs of the Arteries and Veins, 
London. 1815 

29 Idol/, O Am J M Sc 155 92 (Jan ) 1918 
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In a study of thirty-six cases of aoitic disease, Cummer and Dexter i" 
found a positive Wassermann leaction in twenty-seven, or 75 per cent 
Of forty-seven cases examined by Longcope,^® thirty-five or 74 4 per 
cent gave a positive reaction Schotmuller m 189 patients with 
positive Wassermann reactions, found aortitis twenty-eight times 
Hubert studied 220 patients with syphilitic aortitis , in 85 per cent 
of 186 cases, the Wassermann reaction wms positive Bioum-® noted 
seven cases of aortitis in 136 patients giving a positive Wasseimami 
reaction 

The presence of the spirochete in the diseased aorta furnished a 
striking demonstration of its etiologic significance Reuter,-^ in 1906, 
described the finding of the spirochete in the wall of the affected aorta 
Benda,'- Schmorl and Wright and Richardson also demonstrated 
the spirochete in the heart and aorta of syphilitic persons Larkin and 
Levy considered the demonstration of spirochetes in these lesions as 
doubtful, and Longcope stated they could not be demonstrated con- 
stantly Warthm,-® m 1911, found the heart wall crowded with 
spirochetes in congenital syphilis in nine infants and young children 
who came to necropsy In later publications he emphasized the per- 
sistence of the organism in the heart and aorta of patients free from 
symptoms 

The clinical features of the disease were revie\ved by Longcope 
in 1913 111 a comprehensive article based on the study of sixty-three 
patients of which twenty were treated with arsphenamm The sys- 
tematic description of aortic dilatation was given by McCrae,"' who 
noted a definite proportion of these cases to be due to syphilis 

PATHOLOGY OF AORTITIS 

Grossly, there are a number of charactei istics which distinguish the 
syphilitic aorta from the plaques of simple atheroma The changes 
in syphilitic aortitis usually appear near and above the valves (supra- 
sigmoid aorta) and tend to spread upward along the transverse arch 
and down to the aortic leafllets There is a wrinkled appearance of 

17 Cummer, C L , and Dexter, R D The Relation of Aortitis to Syphdis. 
and the Importance of Its Recognition, J A M A 59 419 (Aug 10) 1912 

18 Longcope, W T S3^plnlitic Aortitis Its Diagnosis and Ireatn^en, 

Arch Int Med 11 15 (Jan ) 1913 „ 

19 Schotmuller, quoted by A R Lamb Nelson’s Living Medicine, 4 533 

20 Brown, G E Am J M Sc 157 41 (Jan ) 1919 

21 Reuter Munchen med Wchnschr 53 778 1906 

22 Benda Berl klin Wchnschr 43 989 1906 

23 Schmorl Munchen med Wchnschr 54 188, 1907 

24 Wright, J H, and Richardson, O Boston M & S J 160 539, 190 

25 Larkin, J H , and Levy, I J J Exper M 23 25 (Jan ) 1916 

26 Warthin, AS Am I M Sc 141 398 (March) 1911 

27 jMcCrae T Am T M Sc 140 469 (Oct) 1910 
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\\c h.uc’ nut a-siimcd tli.U tlu miiiilicj oi .lojtu i.i-fs npustiUs 
ihc lu\c p\opnUu>u of (k’lfniU Ic^'tou'' atuoiiij uu'u\i oi ‘'Vpiiiluu 
son^ lUu to the t.ui that a nunthej ot tlR-i patietu- wou- uco»ni/t(l 
to hi\o at'itu (h‘'ia'-e in nu«lual (.linii'' and weu tlieu ton imhidid 
when the \\ a'-vmnann reaction wa*- itpoiietl to he po-iti\t 

'w KM \N \-l N*'! ' SVIMIIM'' \M' t MaM Nt •'N 1*11111'' 

I he ''tatenunt ha'- tucjuentK ajijn ued ni the hit i ituu t!ut '-xjih- 
ihtK jiitunt- w'lth )H V'-i'-te nth po-ui\i \\ a'-'-mn inn tiactiou'- au j'H- 
tunlnl\ liUtK to ha\e caidi.u •'\jthih- oi nenio'-\ phih'- 5 in*- h i*- not 
bun in '-tiul .uoud witli oui cxpuunte 1 lu tiiin *\\ t'-'-i i in inn- 
iT'-t. a appeir'-, he- lutii n^id without iln-i i iinniation . n li i^ ni> 
delimit -.i-anituante but on!\ a uiitivt mu, '-ime it iniplit' ’ \\ i^'ii- 
nunn uav tion whuh itinnn'- )»o>-iti\e in -put ot tieainient to whu 
."iiirmni ot tu.ninent wouldi In \anihh 'tiled h\ diSieunt oh'tr\ii' 
\\ t ]ia\t heatd it iI'kI m uieitmc to .1 posUiM itutioii iitti i- itw 
a*- fifittn inuctioiT' of i. 'plu n.unui . otlui'- i]'pl\ tin lei in to iho't 
t i'-t'. in whuh the u Klion i' po'itue m ‘-pile ot a coH'idiiabU lunntiti 
ot inn tiioii'-— tiH\ 01 inou \s a inittti ot fui tlu i;rt iii 1 tin 
nnionnt of tuatniciit the k" ptutntiiie ot * \\ I'stiinuin-ia'-t teu- 
tioii'- will In ob'eritd It i*-, tluHJoie ili ‘-liable to (inalifi tlu t( nn 
‘‘W as'ci in *1111-1 a'-t ‘ In '•tntiii'^ to v h it ainoiini ot tiiununi tlu uu- 
tion is pti'isttiitlN po'itnc 

\\ I ha\t oh'tmd main s\phiiitu jiitunts whose W isstnnaiin 
rtattion was persistenth jiosjtnc m spm ui ionsidi*iahU aiuistphilitit 
thtrapt, in whom no t itdiai iinoktiiunt 01 luuiosv philis tonld In* 
(linicalh diinonsti.itid r<*ihips tin hi't e\aniple of this jiimip n 
rcpitstiued in the suhtcct of tonutinial s\philis m whom the Wassei- 
inann test notahh itinaiiis posunt in sput- of tuaiineni It is not 
0111 junpose to discuss the ' W asscjm inn- fast' cast so fai as neiiio- 
stjihilis IS toiutriied, but it tiia\ In stated th.it, (‘\ehidinij pucsis. it 
IS not mieominon to obseive .1 luttatnt* blood \\ isscimann leaetion in 
p.itients with nenios\pbibs 


\KiiKi\i n inn .sis 

1 he pietnie of svphilitie dise.tse of tlu jiei tphei.il .iiteiies lepicse’iits 
the same jiioeess .as tli.it 111 the lai}i;e \essels U h.is been noted um- 
vcisalh th.it .iitciial thieUenniji, cspeeiullv when eieetniin}; ]ueinatnieh, 
IS ,i pioininent fe.itnie of this mfcetion Indeed, this faetoi in the' 
c.uis.itioii of .ntenoseleiosis w.is hem}i[ o\eieinph.isi/ed until the studies 
of 'Ih.uei.'’ Klot/,'- ,uid others dcnioiisti.itcd th.it m.un infections 


31 Ihncr, W S Am I Id Se 127 391 (M.ueli) 1904 

32 Klol/, O Aitenosdeinsis, Lancaster, New* I'l.i Pul) Co, 1911 
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and an accentuated wooden-like aortic second sound In the stage of 
dilatation, however, the signs aie numerous Pulsations are noted in 
the carotid arteries, in the suprasternal notch, subclavian arteries and 
sometimes in the second and third interspaces on either side of the 
sternum The veins are prominent ovei the chest and at times suf- 
fusion of the tissues above the clavicle is noted The pulsation of the 
right subclavian artery becomes easily palpable Theie is inci eased 
supracardiac dulness, and a systolic murmur is commonly heard at the 
aortic area and transmitted to the caiotids The aoitic second sound 
takes on a peculiar accentuated mellow sound likened b} Allbutt to 
the “tabourka” or Algei lan drum and described by McCrae as a wooden 
bell-hke note If there is aoitic insufficienc), a diastolic murmur is 
noted and is heard best along the edge of the sternum The well known 
collapsing type of pulse is chai acteristic at this stage The caidiac 
impulse IS extended downward and to the left 

With a sacculated aneur}smal dilatation theie are noted in raiying 
degree the added signs of mediastinal pressure, diffeience in pulses, 
tracheal tugging, inequalitj' of the pupils, hoarseness, aphonia or biassy 
cough If the lesion is in the ascending arch, a pulsating tumoi may 
present itself in the upper pait of the chest 

INCIDENCE or AORTIC AND MYOCARDIAL DISEASE IN 105 
SYPHILITIC PATIENTS 

Male patients only rvere studied , of these, sixty were white and 
forty-five were negroes They vaiied in age from 22 to 59 years and 
the duration of syphilitic infection varied from one to twenty or more 
years Approximately, one-fouith weie between 40 and 50 yeais of 
age In establishing a clinical diagnosis of aortitis, a sufficient number 
of the signs and symptoms described above weie elicited before the 
patient was considered to piesent well-defined aoitic disease The 
association of corroborative evidence by roentgenoscopy was noted Of 
the 105 patients, twelve were found to be sufieiing fiom aoitic or 
myocardial disease Of these, three were white and nine were negroes 
Of the aortic lesions, one was diagnosed as aortitis, two as aortic 
dilatation, six as aortic dilatation and insufficiency and two as aneurysm 
A brief outline of the histones of some of these patients is given under 
the heading of treatment The ages of 11 of these patients ranged 
from 37 to 57 years , the comparatively early appearance of aortic 
insufficiency in the twelfth patient at the age of 30 is explained by the 
fact that infection occurred at the age of 15 The Wasseiinann reac- 
tion was four plus m all these patients except one with aortic dilatation, 
in whom the reaction was plus thiee 
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^[{^79, dc‘'cnbc{l ihc of l<\bc'' <\ih 1 iK^rtu ui^'Unnu.MKN 

Runnier' I .r.issct .ind LetuUe"* wtuc ot the imjuession that aoiiK 
(lisca'-L w.t'' laic in tahcs Clinrtot '' .ukI \ tilpi-in9 p<u lu ul.irlx , con- 
Mckued the .i'*'-oi.i itinn u'latiM'K tiLiptcnt l\\u;c and ilnttncr’" tonnd 
nine ta'-es oi aoilic in^viflKieiK\ anions^ HS tahetic paieiUv Xoidni.in " 
lejuiited eiuht of aoitni'' anionii HK) tahitK j)ei‘'nn‘' lleit/9' in 

ninet\ -t ii^ht ta^'C*' of ttOn'' noitd ''i\ Cti^es »)t .lotlii ni'-nflu leiu \ , luo of 
ancurv^ni and ''ivteon (.asc'* ot aoitic fld.itation wlnlt in rinoiher scik“' 
he found loit\-eu;ht va^v" ot aortu ut'-nnKtenix anto\uf '-v\t.ni\-'-i\ 
t thetu. jtti^ou" iininri tonnd taht>< in 2’' ]hi lent ot 220 va^t^ ot 
aortni'' ( iinU} ^ in 200 piiKin-' with }>iu''i-' tonntl iMtU'iui'' oj aoitK 
di^ea'-c at neiiop\\ in i<ni\-oiH \ itceni nid lonijutlu n^-ivt ru'ort of 
tin*- qm -lion h\ rnedni in “ tjnts tin u^nlt'- oi i ‘•inn! ir '•tiuK in tlnee 
^erus In one ‘•eiR'' ot tif(\ ot talu he notid '■t\tn pitieii*'' 

with i,aidio\a''t.nlai di‘‘t. I'-e In liu ^nond sine- ot toitv i i-i- of 
nenio-NpInln ihiu weie -exiii insiiiKi‘'Ot i ndio\ i-cnlat in\ol\inunt 
In the thnd '•eiu- derived tioin jio-t.no, tnn moiil- ni the '^taie Ho-- 
]ut d joi tilt In-aiH at Moni-'town \ I 9^)7 to 1'05 !u -ekcied 
eitjhlv -tin e.e ea-t- of jnu-l- in jntient- ihovtt 1^ \e it- ot am or le— . 
in ihi‘- tjKinp he toniitl toitv-nnu with ehniyi- in tlu aoiti indie iiive 
of ‘•vpiniis and at-o -nndai ehtnjiits in ihiiteeti of the oUli i pilietU‘>. 
in ikiin: a tot d of '-ixtv-tlnee e i-i- in whuh then wa'- aoitii di^e i‘<e, 
or 7^ pet eeiit 

\ltiiotmh the -in ill minihir ot pitient'' witii neinti'-vpinhs in out 
own -tiie- pieeludev the attiehnient ot inueh -iiiintieanec to a ‘•innlai 
analv-i- ve i in leeortl one innketl ea-e ot aoilie in-nttieieiiev anione: 
live ))itient- with pan-i- and time ea^-e- ot wideinne; ot the a'-eendinij 
areh of the aoita in iiioilu i pionp ot twiiitv pitieni- with nenio- 
'•vpliih- of whom eleven wtie* taheiii pitiint- I'loni the'-e rnitirt- we 
eannot infer aiiv nnn-nal tuqneiuv oj laiitv of tlu eoe M-teiue of thc-c 
two tvpe- ot -vplnlitu invtdveineiu it niav Ik of -iifnilieaiue to note, 
hovvcvei that in tlu jiatient- jui-entin^ niaiked .md severe eatdio- 

>5 rnmniir Irntt <Ii It ^vplnli- 
V> fjrisset fiiKiitd In Uouvint 1 voii imd 13 it5, ISKv 
R Letuiii (n7 uu il <U I’uis 39-‘10 ^(Vt. IHkO Pri-so nuil ‘1 (it'^ ISOi) 

IS ( Inrtdt (uioiidln Pik dm in On tlu Xssmi.itid Inciduui ofSijilnhs 
of till CiiUril Nervous Svstini ind C irdiov.isml.ir Svidnhs, \rili \n nd 
Psvclii.it 1 2H') (Mirth) 1019 
19 Vuliu.iii M d dn S\ st Ntivnix 177, IRSO 
•10 Kuki ind Huttmr lUrl khn Wihnsihr 34 7(i0. 1,S97 
dl N'ordnnn Le tniur do t.iheluine, Ihe-i-; di P.uis, 1R91 
•t2 Ihrt/ r.es mrfs dn toinr ilu/ ks t.ihe'tuuu s, 1 lusts de Pan- 1901 
dl OiiiIIj I iiLsos dt Paris, \o 17, l‘X)l'19()l 

dd riiodmin, i: I) On tlu Xssoenud Intidence of S\ jihilis of tlu C eiitial 

N’ervons Sjsitm and Cardiov asenl n Svphihs. \rch Xkniol Psvihiat 1 W 
(March) 1919 
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(notably typhoid fever) are prone to inflict injuries on the artery, 
resulting in noticeable thickening In ascribing any radial thickening 
in a series similar to the one under discussion, it is obviously advisable 
to rule out if possible the factors of hypertension, infections other 
than syphilis, chemical poisons and the degenerative atherosclerosis 
termed “decrescent arteriosclerosis” by Allbutt With these exceptions 
in mind, there were noted sixteen patients of the total number of 105 
who presented changes varying from arterial thickening to marked 
sclerosis Twelve were m an age period in which decreascent athero- 
sclerosis would be unlikely It is a familiar observation that changes 
may occur in peripheral or cerebral arteries without clinically demon- 
strable lesions m the aorta Conversely, aortic lesions are noted without 
concomitant changes in the radials However, in this senes, seven of 
the eleven patients with known aoitic cases presented radials varying 
from definite thickening to actual sclerosis 

BLOOD PRESSURE 

Syphilis apparently plays no part in the common type of vascular 
hypertension (hyperpiesia), especially of the climacteric group In the 
present series of 105 patients hypertension ranging from 180 to 200 mm 
of mercury, systolic pressure, was noted only seven times It appears 
that a slight rise in pressure was present in some of the patients showing 
aortic lesions with, however, a marked amplitude of pulse pressiiie in 
the patients with aortic insufficiency Whether the added vascular 
tension predisposed to aortic changes or was a manifestation of the 
lesion seemed to be a question for each individual case 

A definite state of lorvered pressure, especially when the age penod 
IS considered, existed in thirty cases, or nearly one third of the total 
number Fifteen of these thirty patients had systolic pressure at 100 
mm of mercury or below Demetre®® has recorded a state of lowered 
arterial tension in tabes, although the figures given in this table fall 
into a range which we have considered might be noted m noimal cases 
In one third of thirty patients with neurosyphihs in the present series, 
the arterial tension was below a systolic pressure of 120 It is possible 
that vascular hypotension is an index of the asthenia noted in some 
of the patients suffering from tabes 

ASSOCIATION OF THE AORTIC DISEASE AND NEUROSYPHILIS 

The association of aortic involvement with neurosyphihs has been 
noted by various observers, although they have not been in accord as 
to the frequency of this coincidence Berger and Rosenbach,®* in 

33 Demetre, M P Bull et mem Soc med de hop de Pans 9 349 (March 
17) 1921 

34 Berger and Rosenhach Berl klin Wchnschr 27 402, 1879 
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vascular involvement, neurosyphilis was noted only once, whereas the 
total number of patients with neurosyphilis comprised nearly one 
fourth of the total series 

There is a well-known dogma to the effect that syphilitic patients 
rarely present clinical manifestations of tertiary syphilis involving differ- 
ent systems This statement holds true m the majority of patients with 
tertiary syphilis whom we have examined It is not uncommon, how- 
ever, to observe syphilitic patients with active tertiary manifestations, 
who also present one or more neurologic abnormalities, a normal spinal 
fluid and the absence of subjective symptoms of neurosyphilis These 
findings in all likelihood represent a scar of a former neurologic process 
It appears that syphilis m the majority of cases is expended m only 
one system of the body The work of Warthm, however, has shown 
that pathologically this is the exception rather than the rule It can 
appropriately be recalled here that those who advocate the existence of 
separate strains of spirochaetes point to the aforementioned dictum m 
support of their theory 

TREATMENT 

The favorable effect of specific treatment on aortic syphilis m all 
Its stages has been noted m most of the writings on this subject 
Without reviewing the considerable literature on this phase of the sub- 
ject, the recent reports of Elliott m particular, are of interest Also 
MacLachlan has recently reported good results m a small series of 
patients with aneurysm b> the use of arsjflienamm combined with rest, 
diet and other medical measures In order to avoid untoward effects 
we start treatment with mercury m the form of inunctions oi the yellow 
mercurous lodid by mouth, for a period of six weeks The possibility 
of a Herxheimer reaction,'*' which may occur after an initial injection 
of arsphenamm, is also rendered less likely by this procedure We can 
appi opriately mention the following observation 

Some years ago a patient with an aneurysm previously untreated 
was given a full dose of arsphenamm Within the following twenty- 
four hours death suddenly ensued , necropsy i evealed a ruptured 
aneurysm This occurrence has been properly called a local Herxheimer 
reaction 


45 Elhott, A R Am J M Sc 154 14 (July) 1917, Med Clm of North 
America 1 1305 (March) 1918 

46 MacLachlan, W W G Am J M Sc 159 525 (April) 1920 

47 Herxheimer and Krause Deutsch med Wchnschr 27 895, 1902 

48 In the treatment of secondary syphilis with arsphenamm, the phenomenon 
of the Jarisch-Herxheimer reaction is observed This reaction, as originally 
described, was a local one — an accentuation, reddening and swelling of the 
macular and papular rashes occurring within twenty-four hours after the use of 
mercury Besides this “local” reaction, Neisser mentions a general one after 
treatment with arsphenamm which is characterized by transitory increase of 
the headache m cerebral syphilis and of the lighting pains m tabes 

(Footnote 48 continued on next page) 
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aortitis Even in syphilitic aoititis with diffuse dilatation there is apt 
' to be some localized dilatation also, especially immediately above the 
aortic valves 

Elliott ■*'' says “Of all the methods of diagnosis to determine the 
piesence of aoitic disease, the loentgen ray is the most valuable” 

In aortitis, the roentgen ray reveals two kinds of changes altera- 
tions in density of shadow and changes m contour In early aortitis. 



Fig 1 — An oblique view showing well marked dilatation of the first portion 
of the arch 


the pathologic process is confined to the origin of the aorta As the 
\essel at this stage is not thickened and no lime salts exist, there may 
be merely a slight dilatation of the first pait of the arch, with exag- 
geiated pulsation at that point 

Some dilatation of the aorta is quite common in aortic sclerosis, but 
this IS likely to affect the entire aorta, and the entire aortic shadow is 
increased 
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Holmes and Ruggles say “A marked prominence of the aortic 
shadow to the right is almost always due to specific aortitis ” 

McGraven and Scott ai gue that since the cardiovascular system 
IS the most frequent and vulnerable point of attack for the spirochetes, 
every syphilitic patient should be suspected of having aortic or cardiac 
involvement Levison says, “The earliest x-ray evidence should be 
looked for at a point where pathological lesions are most common, that 
IS, just above the semilunar valves in the suprasigmoid part of the 
aorta ” 

Our obseivations have been based on the study by fluoroscope and 
teleoroentgenograms made at a distance of 2 meters, and oblique films 
in sixty-three patients who weie known to be syphilitic We found that 
the age ranged from 20 to 25 in eight cases, from 25 to 30 in nine 
cases, fiom 30 to 35 m thirteen cases, from 35 to 40 in eight cases, 
from 40 to 45 in foui cases, from 45 to 50 m eight cases, from 50 to 
55 in eleven cases and fiom 55 to 60 in two cases The roentgenograms 
showed that the heart and aorta were normal in twenty-three cases, 
probable aortitis in nineteen cases, syphilitic aortitis in eighteen cases 
and aneurysm m thiee cases — of the fiist portion in one case, of the 
arch in one case and of the descending portion in one case 

The cases classed as probable syphilitic aortitis showed the 
loentgenologic evidence of aortitis, but had associated cardiac disease, 
hypertension, oi Avere not quite characteristic However, since the 
pathologic reports on similar cases give a high peicentage of positive 
diagnoses of syphilitic aortitis, it is quite likely that this doubtful 
group should be counted as positive However, excluding these, 
the figures would then give syphilitic aortitis m 28 5 pei cent and 
aneurysm in 4 7 per cent of our cases 

These conditions were found in the lungs pulmonary syphilis in 
one case, probable pulmonary syphilis in five cases, normal lungs in 
forty-two cases, probable tubeiculosis in one case, calcified bodies in 
two cases The condition in twelve cases was not repoited 

It would seem from these studies that it is important to make a 
careful roentgenologic study in every patient with syphilis who has any 
chest symptoms, no matter how slight 

REPORT OF CASES 

Case 1 — J S , a negro, aged 52 years, had an initial lesion at the age of 26, 
The present complaints were substernal pain, dyspnea, cardiac palpitation and 
cough The supracardiac dulness was widened to percussion, and a double 
aortic murmur was heard, the diastolic element of which was well transmitted 
down the left border of the sternum There was moderate left-sided h>per- 

50 Holmes, G W , and Ruggles, H E Roentgen Interpretation, Phila- 
delphia, Lea and Febiger, 1921 

51 McGraven and Scott Ohio State M J 18 477 (July) 1922 
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III .101 tic clil.it.ition clue to liigh blood piebsuie, tlieie is liUel) to be 
.issoci.itecl h\ pei tiopby ol the left veiUiiele In e.iily .loititis theie is 
no enl.ii j^einent ot the he.nt unless theie is .in .issoci.itecl \.ilve defect 
or In pel tension In .lortitis, the .untie sh.ulow is liUeh to incie.ise to 
the rii,du .ihoxe the sh.ulow of the iij^ht .uiiicle 



I'm 2 — Model lie dil.it. ition ot the lust poition ot tlio ueli on the’ iii'ht 
.iiu! .1)1 ihiioriiiil 1)1 ibs .it the root ot the’ leit Iiiiitt, proh.ihh .i ttinnin.i 


If the disc.ise invokes the eiitiie .iieli, one imist expect .i clil.it.ition 
of the entile .iicli, with .i tot.il incie.isc* in the width, hitt one is not 
liUel} to h.ne the Inieldniff oi knob ohseived .is the lesiilt ol the 
elong.ition w'liieh oeciiis in .ii tei loseleiosis If the dise.ise extends to 
the innoinin.ite oi eoinnion e.iiotid, these vessels .iie hkelv to he dil.ited 
<ind cfue ineie.ised sh.idow's 
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The blood Wassermann test was + d — j — [- Management similar to that in 
the foregoing cases produced some amelioration of symptoms After going 
about his work a return of his symptoms was noted, but on continued mercurial, 
arsphenamin and digitalis medication, he remained fairly comfortable 

SUMMARY 

A brief review of the literature on cardiovascular syphilis is made 
The pathology of syphilitic aortitis is discussed 
The symptomatology of syphilitic aortitis is presented with par- 
ticulai reference to early symptoms The importance of an early 
diagnosis is emphasized 

Of a group of 105 male syphilitic patients studied by clinical 
methods, sixty were white and forty-five were negroes They varied 
m age from 22 to 59 years, and the duration of syphilitic infection 
varied from one to twenty or more years Approximately, one fourth 
were between 40 and 50 years of age Twelve patients, approximately 
10 per cent , were found to be suffering from aortic or myocardial 
disease Of these, three were white and nine were negroes Of the 
aortic lesions, one was diagnosed as aortitis, two as aortic dilatation, 
SIX as aortic dilatation and insufficiency and two as aneurysm 

Of sixty-three patients studied by roentgenologic methods, aortic 
disease (including aneurysm) was noted as being definitely present in 
nineteen, or 33 per cent Roentgenologic examination included fluoio- 
scopy, teleroentgenograms made at a distance of 2 meters and oblique 
films The higher percentage of patients with aortic disease discovered 
by roentgenologic examination is m accord with pathologic studies 
reported by others and reviewed m this leport 

The so-called Wassermann-fast syphilitic patient is discussed with 
particular reference to cardiac syphilis 

Of a total number of twenty-five patients with neurosyphihs, there 
was an associated aortic disease m four The relative infrequency of 
an active syphilitic process involving one or more systems m the same 
patient is discussed 
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tropin I he blood piesMiie U i-* •i\stolie, 115, diaslohe, 25 1 he blood 

Wibberminn lebl w is + + + -f- Ihe roentgen ra\ and flnoroscope showed 
widening ot the lort i and lett-sided hjpertropln \ftei prelnnin.iry trial with 
jellow niercuroiis lodid uul model ate doses ot digitalis, he* lecened injeetions of 
neo-irsphenamin in graded dosnge np to 0 6 gm 

-Vnielior.ition ot tile eongh, despnci and pain w is noted itter three’ or lour 
mjeetioiis One je'ai .ifter tre'itiiient, he reported no leturn ot his symptemis 

L \st 2 — 1 F T. negro, aged lO \ears, g.i\e .i hisloij eit .i chanere it the 
age ot 15 When first seen he w is siitTeiing with d\ spile i ot si\ iiionths’ 
duriliem, with oithopnei tor the past three months Cough and soreness over 
the preeordium hid been noted, ind he hid been unable to work tor ihout 
fue month-, Ihe e\ammition, in hriet, levelled m.irked puls itioiis ot the 
eirotid-- aortie' dil it itioii with nisutheieiiev and men ned si/c ot the heart 
rile liiioiO'-eope outlined i dll ited iseeiiding loi t i iiid the teleoroeiitgeiiograpliie 
meaMireniem-- were light Iiise. 7 eiii , Kit hise, 0 eiii lortie .ire 1 7 eiii , 
the* e irdiotlior leie I Uio w i-, 7> per eellt 

Ihe blood W is-Mrmiiin w is 4* 4" 4* ■<* Ihe blood piessiire w.is svstolie, 
120, di istolie , -10 showing the eh.ii leterntie implitude oI pulse pressure \tter 
prelmiinirv treitnient with niereiiious lodid list iiid digit ills he reeeiied, 
while under oh>eiv ition m the wild i series ot M\ mti .i\ eiloiis mjeetioils ot 
neo-aisi)heinnini, Stirling with 02 gm iiid mere isiiig to OS gm He then 
eontmued the iiijeelioiis iroiii the outpatient depirtnieiit tot st\ more doses 
lliere w Is marked suhjeetue improvement vvhieli persisted np to st\ months, 
desiiite the 1 iCt til it he W is III illolller ellV most ot this time 

Cvs^ I — 1’ (i , I negro, iged >7 ve irs, eould give* no dermitc staleiiieiit as 
to duritioii ot dise I'e He eoiiipl lined ot siihsteiiiil p nil r idiatii'g down the 
letl mil, dvspiiei mirked ji ilpit ilion iiid eongh 1 \ imm.ition revealed 
mirked ]iuls.uieins m the iieek pirtieulirlv ot thi iiglil eiiotid, ineieiae III 
siipricirdiie duliiess, w oodeii-hell-liki loitie seeond sound ind a shoit loitic 
svstolic murmur Ihe hlood pressuie vv is svstolie, 150, diislolic, 100 Ihe 
signs mdie ited aoitie dilititioii, hut nothing nidieilive ot lortie iiisutlieieiicv 
Rot ntgeiioseoiiv showed dil it ilioii t>i the aseeiidmg iieli of the* loita I nder 
i rigmieii imieli is oiitlnieil in the first two e ises he noted maiked lessening 
of pun eongh ind dvspiiei 1 lie miinoveiiient w is known to iiive persisted 
tor at le.isi nine* moiiths 

Lvsi •} — 11 S. i iiegio lihorei, iged 52 ve.iis, h.id h.id .in niitiil lesion it 
the ige of 19 For the p isi two veils he hid eompl lined ot persistent sub- 
steriiil pain, dvspiiei ind in audible wheezing m the ehest He iiotieed 

dvsiiiiigii .It times 1 N.miin ition ind loeiitgeiioseopv reve.iled a 1 irgt 
aiieiirvsm ol the aseeiidmg lort i Ihe lilood W isseimimi leietion w.is 

4 plus Hie treitnient vv is simil ir to tint in pieeedmg e.ises, the highest dose 
ol iieo- irsiiheii iiiiiii being 04 gm I here vv is noliee ible .inielior.ition ot nam 
and dvspnea. ind ig.iiiisl nlviee the pilieiit went b lek to 1 iboi mg vvoik He 
relnrned m sevei.il months with most ot the origin il eomiil tints, hut with ie*st, 
digit ills niedie ition ind si\ injeetions ot neo- irsphen iniin, he impioved sufli- 
eieiitlv to uiidert ike light work 

Cvsi 5— C F. i negro, iged 42, hid i doubltul historv of ch.iiiere* at the 
age of 18 He h.id never leeeived tre.iliiieiit and complained at first obseiv.i- 
tion of eoiigli, d>spne.i .ind pain down the left inn Iheie w is selerosis of 

the peripheral arteries, and heaving pulsations were noted in the euiotid and 

siibcl iviaii irteries Ihe supraeardi.ie duliiess me isured 8 eiii 'Ihe teleoroent- 
geiiogr.iphie measurements were* heart length, 192 em , tight base, 6 2 cm 
left base, 60 cm , heart width, 188 em , aoitie area, 17 em to the light and 
42 cm to the left Ihe c ii diothoraeic latio was 73 per cent, nidieatmg maiked 
increase of cardiac outline A systolic .uul di.istolic niurmui was noted over 
the aortie area, a niitr.il s>stolie inuimur probably due to lelative iiisiifh- 
Lieney was .ilso noted Ihe blood piessure was systolic, 185, diastolic, 85 
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for and against the influenza bacillus as the causative agent No 
attempt will be made to make a summary of these points or to lefei to 
all the publications on the subject Attention is called to the recent 
publications by McIntosh ® with their complete list of references 

It IS at the present time an unsettled point whether lung involve- 
ment IS due to the virus of the epidemic disease or is dependent on 
some secondary invading organism However, it is agreed by all that 
no matter what the etiology of the epidemic may be, it lenders the lower 
respiratory tract susceptible to invasion by other organisms As 
involvement of the upper lespiratory tract and bronchi in this disease 
with productions of characteristic sputum is generally conceded, and as 
special pulmonary lesions have been pointed out by Goodpasture,- Wol- 
bach ^ and others, that are not seen in other inflammatoiy conditions 
of the lungs, it seems reasonable to asseit that the viius of this epidemic 
disease will cause pulmonary lesions m some cases without the presence 
of complicating organisms That important pulmonaiy lesions do not 
occur in the majority of cases has been established by the clinical course 
of the disease, for during the epidemic the large majority of the cases 
ran the couise of a self-limited acute febrile infection without signs 
suggestive of a lung involvement However, in a considerable per- 
centage of cases, about 25 pei cent , the process extends from the 
bronchi into the lung tissue It is unlikely that this disease lesults 
fatally without pulmonary involvement 

Although this study failed to establish the cause of the epidemic, 
it brought out certain points in regard to the relationship between the 
various bacteria present and the epidemic disease, so that a discussion 
of the etiology of this disease has been included For example, in this 
study certain pulmonary lesions have been found which are considered 
characteristic of this epidemic disease These lesions were piesent in 
all but one of the cases studied, and yet in this gioup there was no one 
bacterium always present In the one case in which the chaiactenstic 
pulmonary lesions were not found, death did not occur until ovei four 
weeks after the onset of the disease, and the early lesions in the lungs 
had been replaced and obscured by secondary infections and lepair 
The influenza bacillus was found more frequently than any other bac- 
terium, and yet it was not recovered by culture or found in the sections ® 
of the lungs in a small percentage of the cases Furthermore in one 
instance in which this peculiar pulmonary reaction was found in the 
uncomplicated state, no bacteria could be demonstrated at the site of 
these characteristic pulmonary lesions The inconstancy of the presence 

8 McIntosh, J Studies m the Etiology of Epidemic Influenza Special 
Report, Series 63 Privy Council, Medical Research Council, 1922 

9 In this study, bacteria were looked for in sections which were prepared 
with the Giemsa stain 
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of the body This air, during life, first appeared in the subcutaneous 
tissue of the neck, having passed from the root of the lungs through the 
loose tissue of the mediastinum From the neck it extended in some 
cases over the entire trunk, head and extremities From a study of the 
lungs at necropsy and gross sections of them fixed in Kaiserhng’s fluid, 
it IS felt that the acute interstitial emphysema results from the mechan- 
ical rupture of some of the pulmonary alveoli which have become dis- 
tended by the acute alveolar emphysema which is characteristic of this 
disease The air then extends along the interlobulai septums and 
reaches the hilus of the lung through the connective tissue accompanying 
the blood vessels Apparently, the connective tissue surrounding the 
bronchi is more compact and does not furnish a route for the air 
From the hilus of the lung the air travels subpleurally over the peri- 
cardium and great vessels into the loose tissue of the mediastinum In 
this series of twenty-six cases, the subcutaneous emphysema was present 
in five and emphysema of the mediastinum was found in five more In 
these ten cases in which the air had escaped from the alveolar spaces, 
the influenza bacillus was recovered by culture or demonstrated in sec- 
tions of the lungs in nine Although other organisms than the influenza 
bacillus were present in the lungs in some of these cases, they were not 
present with sufficient regularity to make the lesions they produced 
responsible for the escape of the an From the number of cases in 
which it was piesent, the influenza bacillus may well be considered a 
causative factor in the occurrence of this escape of air, and even if it is 
only a complicating oiganism in the epidemic disease, it may be a neces- 
sary factor in producing this peculiar lesion As will be seen later, the 
pulmonary lesion of alveolar emphysema which leads to the escape of 
air occurs without the presence of the influenza bacillus, but the alveolar 
emphysema may not go on to actual rupture of the alveoli and inter- 
stitial emphysema formation without the presence of some complicating 
organism 

The peritoneal cavity was normal in appearance in all twenty-six 
cases, although in one the appendix was acutely inflamed, so it can be 
said that the causative factor of the epidemic is not likely to pioduce a 
peritonitis 

In this group of twenty-six cases, empyema was present in five, in 
two of which It was bilateral No cultures were taken fiom the pleuial 
cavities in these five cases The cultures from the lungs and heart’s 
blood and a study of the lung tissues showed both pneumococci and 
influenza bacilli present, and in one case other bacteria In five cases, 
one or both pleural cavities contained a model ate effusion of thin tuibid 
yellow fluid, with evidence of inflammation on the pleuial surfaces 
Had these patients lived longer, a frank empyema might have developed 
In these cases also no cultures were taken from the pleural cavities In 
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two of these five cases no influenza bacilli wei e recovered by culture or 
seen in the sections of the lungs The bacteiia picsent in the heaits 
blood and lungs weie the influenza bacillus, stieptococcus oi another 
unidentified diplococcus, but they weie not consistently piesent in all 
cases From a suivcy of these cases of empyema and incipient 
empyema, thcie is insufficient evidence to peimit the designation of 
any one oiganism as the cause of the empyema, and as there were 
alwa)s oigainsms piesent m the lungs, the pleuial condition can haidly 
be considered due to some unknown viius That empyema, pionounced 
or incipient, occnis fiequently m these cases (ten out of twenty-six) is 
a fact, and it piesumably is due to se\eialof the complicating oigamsms 

An acute inflammation of the peiicaidium was found in only two 
of the twenty -SIX cases, and in both instances the pneumococcus was 
recoccred in pure culture, so that it seems fair to rule out the cause of 
the epidemic as hkeh to produce a peiicaidilis 

Invohement of the middle eais or of some of the accessoiy sinU‘-es 
to the uppei lespiiatory tiact occuiicd in all the nineteen cases in this 
senes in wdnch the head w'as opened at neciopsy Of the sinuses, the 
sphenoidal were invohed moie often than the others In thiee of these 
nineteen cases, no bactei lologic examination w'as made on account of the 
length of time postmoitem befoie neciopsy w'as perfoimed In the 
remaining sixteen cases, a \aiiet3f of bacteiia w'cie lecoveied, but the 
influenza bacillus piedominated being icco\eied in fifteen of the sixteen 
cases The influenza bacillus alone of these bacteiia may leasonably 
be regal ded as the causative agent of these infections in the eais and 
sinuses, if a conclusion is demanded, but, of couise, it is w^ell known 
that various oigamsms produce empyema of these cavities The invasion 
by these oigamsms, wdiich w'cie lecoveicd by cultuie, may also haAC 
been a secondai} one aftci the tissue had been lendeied moie viilneiable 
by some unknowm viius Meningitis w'as found in only one of the nine- 
teen cases m wdiich the head W'as opened In one othei, an abscess of 
the brain was found, and m still anolhei, an encephalitis was suspected 
On account of the mfiequency of ceiebial lesions and as the meningitis 
W'as due to the pneumococcus, it seems fan to say that the cause of this 
epidemic, W'hatevei it may be, is not likely to pioduce gioss ceiebial 
or meningeal lesions 

MICROSCOPIC nXAMINATlON 

Turning now to the vaiious oigans and tissues of the body wdiich 
weie studied mici oscopically as well as by gioss inspection, many 
interesting and instructive lesions weie encounteied One of the first 

11 In tins study, the sections foi microscopic examination were stained 
with eosin and methylene blue after Zenkei’s fixation A few other special 
stains were also used 
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of the body This air, during life, first appeared in the subcutaneous 
tissue of the neck, having passed from the root of the lungs through the 
loose tissue of the mediastinum From the neck it extended in some 
cases over the entire trunk, head and extremities From a study of the 
lungs at necropsy and gross sections of them fixed in Kaiserling’s fluid. 
It IS felt that the acute interstitial emphysema results from the mechan- 
ical rupture of some of the pulmonary alveoli which have become dis- 
tended by the acute alveolar emphysema which is characteristic of this 
disease The air then extends along the interlobular septums and 
reaches the hilus of the lung through the connective tissue accompanying 
the blood vessels Apparently, the connective tissue surrounding the 
bronchi is more compact and does not furnish a route for the air 
From the hilus of the lung the air travels subpleurally over the peri- 
cardium and great vessels into the loose tissue of the mediastinum In 
this series of twenty-six cases, the subcutaneous emphysema was present 
in five and emphysema of the mediastinum was found in five more In 
these ten cases in which the air had escaped from the alveolar spaces, 
the influenza bacillus was recovered by culture or demonstrated in sec- 
tions of the lungs in nine Although other organisms than the influenza 
bacillus wei e present in the lungs in some of these cases, they were not 
present with sufficient regularity to make the lesions they produced 
responsible for the escape of the an From the number of cases in 
which It was piesent, the influenza bacillus may well be considered a 
causative factor in the occurrence of this escape of air, and even if it is 
only a complicating oiganism in the epidemic disease, it may be a neces- 
sary factor in producing this peculiar lesion As will be seen later, the 
pulmonary lesion of alveolar emphysema which leads to the escape of 
air occurs without the pi esence of the influenza bacillus, but the alveolar 
emphysema may not go on to actual rupture of the alveoli and inter- 
stitial emphysema foimation without the presence of some complicating 
organism 

The peritoneal cavity was noimal m appearance m all twenty-six 
cases, although m one the appendix was acutely inflamed, so it can be 
said that the causative factor of the epidemic is not likely to piodtice a 
peritonitis 

In this group of twenty-six cases, empyema was present m fiv'^e, m 
two of which It was bilateral No cultures were taken from the pleuial 
cavities m these five cases The cultures from the lungs and heart’s 
blood and a study of the lung tissues showed both pneumococci and 
influenza bacilli present, and m one case other bacteria In five cases, 
one or both pleuial cavities contained a moderate effusion of thin tuibid 
yellow fluid, with evidence of inflammation on the pleuial surfaces 
Had these patients lived longer, a frank empyema might have developed 
In these cases also no cultures were taken from the pleural cavities In 
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Asbuuatcd with thcbc iniunc^ to the nntvtle hlieis wcic longestion 
and actind hemonhage into the suppoiting conneitixe tisMic of the 
nniH'le As no lesion was detected in the laigoi blood Nessels, it was 
presumed that the hemonhage came fiom the cajnllai ic"' H the patient 
sunned a cclluiai ic.ution ajijieaied. comistmg cineils of jioKmoijiho- 
miclcar nemiophiK and mononucleai ]ihagiHNlc> ! hese tells nuaded 
the necrotic muscle ''Unminda! the paitiaiK mtuted rdien and gumped 
themscKes m the mtentmal tnsue '1 he poKmoiphomiciear cells m 
this exudate became much fcwei hefotc main <la\s, and the blood cells 
from the hemoiihage aKo soon disajijie.iied 1 he neciotic muscle was 
remoced h\ the action of the iin.ulmg phagocMic cells and jiiohahh in 
part In some cn/\matic action without celhilai icMction 

Rcpaii of the inttiied muscle liheis m which the s.iicoiemma 
remained was c.niied on fiom the saicoleinma from which new lihiils 
were foimed. and ecentualh a new lihei ajijieaied In those instances 
in which .1 pan of the old fihei lemained. the new became continuous 
with It These new liheis could tisualK he detected In the fact th.U 
with the eosin and metlnleiie blue stain then took the eosm stain less 
intensely ARo the numhei of nuclei m the sauoleinma w.is mcieased 
Gradualh the cellulai icaciion disajipeaied and the lepniied muscle 
returned toward its normal appeal .ince. with piacticalK no jiermaneiit 
inciease in the sujipoiting cnnnectnc tissue 

The muscle lesion in these cases was the one that has been dcsciihed 
before, and is known .is Zenker’s degcnei.ition Usu.ilh it does not 
occur in uncomjihcatcd lobai ]>ncumoma and Iheiefoie its appeal ance 
ma> he of assistance in detecting a pneumonia secondan to this disease 
m the absence of .in epidemic 1 his muscle lesion, howecei. has also 
been noted b\ M.icCallum’' m strejitococcus pneumonia following 
measles m arm\ camjis 

The heait muscle itself seemed to cscajie deinonstiable mjui\ in this 
epidemic disease In two instances, the endocaidium showed an acute 
lesion on one of the calces cchich consisted of a ceget.itum m cchich 
some oiganiraiion ccas taking place The lufiecjucncc of this lesion on 
the endoc.iidium, and the fact th.it m one instance a pneumococcus was 
recocered from the he.irt’s blood, makes it seem unhkelc that the 
cause of the eiiidemic, whethei the innuen/a bacillus oi some unknoevn 
virus, w.is lesponsible for the lesions ]n one c.isc, a sm.ill aie.i of 
cellular infiltration, consisting chiefly of mononucleai cells but ccith a 
few' polcmoiphonucleai leukocytes and mast cells, was seen m the tissue 
about a blood vessel m the myocaichum, but this isolated obseivation 
was not considered to be of any piactical impoi lance 

13 M.'icCallum, W G Monograi'h No 10, Rockefeller Institute for Mcchc.nl 
Research, 1919 



576 


ARCHIVES OF INTERNAL MEDICINE 


to appear on opening the body was a lesion in the rectus muscle of the 
abdominal wall Such a lesion on gross inspection was reported m nine 
of the twenty-six cases In fourteen the muscle was reported as normal 
m appearance, and m three no observation w^as made on the condition of 
the muscle In none of these nine cases in which a lesion of the rectus 
muscle w^as noted W'as a culture made from it On study under the 
microscope, however, no organisms w^ere found in eight of the nine 
cases In the ninth, a coccus was found in the leukocytes at the site of 
the lesion The absence of organisms in the vast majority of the cases 
makes it seem quite certain that this injury to the muscle was the result 
of some circulating toxin lather than any organism In the cases in 
which the lesion occurred, a variety of organisms were encountered in 
cultures or sections from the lungs Of these organisms, the influenza 
bacillus w'as most consistently present If this lesion is a toxic one, it 
may be the result of some toxin from the influenza bacillus or the 
unknown! virus of the epidemic No other organism was present in 
the lungs sufficiently often to be looked on as a specific cause This 
lesion in the muscle is similar to the one which has been noted in vanous 
acute infections, such as, for example, typhoid fever As abscesses have 
been reported in muscles in cases of this epidemic in which the patient 
survived for some time, it is thought that the appearance of a coccus 
in the lesion m one of these cases was a secondary invasion, and that 
this is the explanation of the abscess formation noted clinically in cases 
of this epidemic by one of us 

The injured muscle in these cases show^ed, in the gross, a swelling 
of the muscle fibers with increased friability In most of the cases, 
actual hemorrhage had occurred into the muscle substance, separating 
the muscle bundles and m a few instances extending beyond the muscle 
into the adjacent subperitoneal tissues of the abdomen and pelvis On 
microscopic study, it was worked out that the initial step in this lesion, 
which in some fibers went on to complete necrosis, was a swelling of the 
muscle fibers with loss of the striations and loss of nuclei In other 
instances, the central part of the fibers apparently became necrotic, but 
the sarcolemma survived, and evidences of regeneration were shown by 
an increase of the nuclei In some fibers, a part showed these degenerat- 
ive changes, and the remaining part appeared normal In other fibers, 
slight changes in the staining reaction of the fibers occurred, but no 
difierence in appearance of the nuclei was observed except that they 
were more numerous than normal This W'as looked on as the slightest 
perceptible injury to the fiber The extent of the injury to the indi- 
vidual fibers and the number of fibers im olved varied in different cases 

12 Frothingham, C Contributions to Medical and Biological Research, 
Dedicated to Sir William Osier 1 513 1919 
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mixed one with a ^allct^ of oi nanisms and the microstojnc examination 
of the spleen picsented nothing' imiisiial in addition to the alistcss 
Fihim at the <.entci of the hmph follicles without jironoimied le.iction 
about It cxccjit an increase in the jioh inorphonuclear leukoc\tcs was 
not infieqnenth encountered In a few’ instances, the led blood cells 
seemed to h.ne bioken out of then capillaiies. .ind in a few otheis the 
number of polMiiorplioniiileai leukocucs seemed increased thiongbout 
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On gross inspection, the livers in these cases presented no lesions of 
importance that could be attributed to the causative agent of the epi- 
demic In one instance, acute congestion was suspected and in another 
focal necrosis On microscopic study, several slight lesions were found 
m some cases Of these, the most frequently encountered was an 
infiltration of cells m the connective tissue about the smaller bile ducts 
These cells were in most cases entirely mononuclear, but in a few 
instances polymorphonuclear leukocytes were also present This cel- 
lular reaction was observed in twelve of the twenty-six cases As it 
occurred in less than half of the cases, and as this lesion is often encoun- 
tered m necropsy material from other sources, and as m these cases 
various bacteria weie present, the most that can be said in regard to the 
cause of the epidemic in relation to this lesion is that it may be one of 
the various agents responsible for it 

In three of the cases, the parenchymal cells in the midzonal region 
showed slight changes in their staining reaction in that their cytoplasm 
stained more purplish with the eosin and methylene blue stain than the 
other cells, and their nuclei stained a deeper blue and appeared more 
homogeneous In this part of the lobule, the red blood cells seemed 
more numerous in the sinusoids, but there was no cellular reaction or 
actual necrosis of the parenchymal cells As this slight lesion occurred 
in only thiee cases, it was felt that it had no important relation to the 
cause of the epidemic In seven cases, degenerative changes about the 
central veins (hepatic) of the lobules was seen This lesion varied from 
slight vacuolization in the liver cells with slight variation in the staining 
reaction to actual necrosis of the cells with invasion of the necrotic 
cells by phagocytes and an increase of leukocytes in the surrounding 
sinusoids No organisms were found about these lesions As this lesion 
of central necrosis m the liver is quite commonly associated with other 
infections, and as various bacteria Avere found in these cases, it is not 
possible from these few cases to attribute this lesion m this group to any 
one cause It may be said that the cause of this epidemic may be 
another agent which produces central necrosis in the liver 

In this series of cases, the spleens did not present any peculiar 
lesion nor one that occurred with sufficient frequency to make it appar- 
ent that the cause of the epidemic was necessarily responsible Such 
lesions as were seen in the gross and microscopically are frequently 
encountered in the infections with the A^arious types of organisms found 
in the lungs in these cases The cause of the epidemic, however, may 
be another agent which produces these lesions In the gross one case 
of congestion, fiAe cases of acute splenitis, one case of infarction, and 
one case of abscess Avere described On microscopic stud}', a 
tubercle Avas found in one of the five cases described as acute splenitis 
In the case Avith abscess of the spleen the infection in the lungs Avas a 
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in a patient who sunned fni neaih Ihc weeks, the capillai} walls of 
the tufts weic somewhat thickened, whuh was looked on as [lossihh 
the end icsnlt of this acute lesion 

No battena weic found in ain of these lesions, and it was felt 
that It was a toxic one Such a lesion occuis iii a \aiiclv of acute 
infections pioduccd In the oiiijanisnis jiiesent in thc^c six cases so 
that the cause of the epidemic, whelhei the inllucn/a b.icilhis or some 
othei Ml us, could onl\ he looked on as possihK anothci attenl cajiable 
of producing this acute glomeuilar lesion 

In the ]).mci eases m this senes of cases, no ahnoi m.ilUies weic 
descnhed in the gioss, and on iiiicioscopic exaniinadoii no lesions of 
impoitaiicc were found. •'O that it iii.n he s.iul that the cause of the 
cjiKlemic does not jiioduce .i demoiistiahle lesion in the paiitieas 

On gross insjicction the g.istto-inte''tin.il trait showed a \.niel\ of 
slight lesions hut not one with siirikieiU fieipiencv to make it seem 
likelc that it hoie aii\ speci.il lelation to the caiisatne agent of the 
epidemic espccialh as the lesions seen aie known to octui in \anous 
acute infections produced he the baileiia piC‘>eiil in these c.iscs In 
one instance .icute appcndititis wa" pie^ent In one case injected 
aicas weic seen in the cecum and ileum in anothei congestion of the 
gastric mucosa, and in two otheis actuil hemoiih.igic spots m the 
stomach w.ill In one instance, actu.d hcinoi ih.ige had occttiied into 
the lumen of the siom.icli. and in one c.ise with cmplnsema of the 
mediastinum, an air bubble w.is found in the wall of the siom.ich tow aid 
the cardiac end Hu nncros(.npic stiuh of the g.istio-nite^tmal tiact, 
which was cairied out on onK ten cases, no distincti\e lesions weic 
found In scceial instances, lesions such as aie found in acute infec- 
tious disc.ises wcie seen, such as ihiombosis ni small \essels. punctate 
henioi rhages, small aieas of cellulai leaction and migialion of poh- 
morphonuclcai leukoccles toward the lumen of the intestine, but on 
account of the infieiiucnc) of these lesions and then occuiicnce in 
other infections the\ ap|i,uently weie of no importance in i elation to 
the cause of the epidemic 

The testicles m these cases piescntcd, on micioscopic stud}, an 
mteiestmg lesion wdiich occuiied wuth sufficient fierjucnc} to make it 
seem associated w'lth the cause of the cjiidcmic oi the most fiequent 
complicating organism, namcl}, the mnuen/a bacillus, cspcciall} so as 
the lesion is not oidmaiily encoimlcied m acute infections pioduccd 
by the other complicating org.misms found m these cases The early 
stages of this testiculai lesion, how'cvcr. h.ivc been dcsciibcd adequately 
by Mills m cases of pneumonia followung measles as w^ell as m cases 

14 Mills, R G Tlie Pathological Changes m the Testes in Eindemic 
Influcn7a, J Exper M 30 505 (July) 1919 
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instances, sections from the suprarenal glands were missing This 
lesion varied from a simple degeneration of the epithelial cells of the 
cortex shown by the appearance of vacuoles in the cells and a difference 
m the staining reaction to actual necrosis of the cells with invasion by 
phagocytes and a cellular reaction of leukocytes in the surrounding 
tissues In the milder cases, repair takes place by the formation of 
new cells from the adjacent parenchyma, as evidenced by mitoses , but 
in the more pronounced cases, mononuclear cells invade, and groups 
of these cells remain m areas from which the gland cells have disap- 
peared and in which there may be some slight increase of connective 
tissue This type of lesion m the cortex of the suprarenal is frequently 
encountered m a vanety of acute infections Its piesence in such a 
large number of these cases makes it seem probable that either the 
influenza bacillus, which was present so frequently, or some other virus 
responsible for the epidemic may be another of the causes which pro- 
duce this lesion m the suprarenal cortex As no organisms were found 
m these lesions, it is presumed that they were produced by toxins rather 
than by the actual presence of an organism 

In the medullary part of the suprarenal gland, m eight instances, 
there were found small groups of round cells, chiefly of the lymphoid 
and plasma types These groups of cells occurred without apparent 
destruction of the medullary cells or other reason for their appearance 
These cell groups in the medullary portion of the suprarenal occur in 
various conditions, and as they only were found in a third of these 
cases. It IS felt that the lesion bears little relation of importance to the 
cause of the epidemic, which, however, may possibly be another of the 
factors responsible for their production 

The kidneys presented no lesions of importance on gross inspection 
in this series In eight of the twenty-four cases studied (in two 
instances no sections of the kidneys were preserved) a microscopic 
lesion was seen Of these eight cases, two showed simply areas of 
cellular infiltration consisting of lymphoid cells and polymorphonuclear 
leukocytes scattered at irregular intervals throughout the kidney sub- 
stance The cause of these groups of cells was not apparent, nor was 
it evident that any damage of importance had occurred in the renal 
tissue In the other six cases, a definite glomerular lesion was present 
which consisted of a proliferation of the endothelial cells lining the 
glomerular capillaries and an increase in the number of polymorpho- 
nuclear leukocytes in the glomerular tufts In some instances, there 
v^s also an increase in lymphoid cells and polymorphonuclear leuko- 
cytes about the capsule and among the tubules, which suggested that 
the toxic lesion had in some instances injured the epithelium of some 
of the tubules and called forth slight cellular reaction In one instance. 
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\\ere found in the sections, so it is picsumed that the lesion was a 
toxic one The piiinai) distuibancc was a degcnciation of the 
epithelial cells of the tubules as evidenced bv loss of the cell outline. 
cspecialK in the deeper la\eis and pvcknosis of the nuclei Ivvidencc 
oi mitosis disappcaied and the cpithehuin separated as a whole from 
the undeihnig haseinent inembiane In some insi.inces, edema in the 
interstitial tissue was pieseiit If mild, tins legion was unassociated 
with cellular leaction. but if extensive and scvcie, .i niodeiate celliilai 
reaction of Ivinphoid cells, jiolv moiphonucleai leuKocvtes and mast cells 
occurred in the connective tissue fi.imewoik for the tiihtiles The 
inteistitial cells of the testicle ''Ceined to be unaflected bv this procc''S 

Soon after the degenciation and dcs(juaniation of the cjiithelial cells, 
a dejiosit ot In aim collagen with nuclei in it appealed on the gland side 
of the basement meinbiane and extended out into tbe mass of injined 
epithelial cells m jilaces In the nioie sevcie c.ncs tlm in.iteii.il w.n so 
extensive lh.it it left the tubules m the latei stages entiielv stlcrosed 
as this hvaline material eventti.illv seemed to ch.inge into delinitc con- 
nective tissue In the milder c.iscs the s^.lelO'^ls of the tubules w.is 
onlv paitial The b.iscmcnt inembi.me of the tubules bcc.ime thickened 
as the procc^^s hc.iled No evidence of regeneiation of the epithelium 
of the tuhules was made out and it is a question as to how well these 
tubules would have functioned again h.ul tbe iialienls lived In some 
instances aftci healing thcic seemed to be an incie.ise in the inteistuial 
connective tissue 

The aorl.ic in these cases wcic lepoilcd as noim.d on gioss insj)ec- 
tion m eight of the twentv-six c.iscs In one instance, lesions sug- 
gesting svphihtic aoiiitis vveie found, ,ind in the lemammg seventeen 
cases mild involvement of the mtiina with topical carlv .aitciiosc let otic 
ch.inges occuiied On microscojnc studv of the .loit.ie the mtnn.il 
lesion was usuallv the one found m a v.iiiet} of conditions consisting 
in a cellul.ii invasion cliiefiv of mononiicle.ii cells, often laden with 
f.it, and occasion.illv a pol) moi phomicleai leukocvle, togeihci with a 
slight fibious thickening of the intima 'Ihcie was nothing peculi.ii to 
the lesion in these cases, and if it was due to the c.iuse of the epidemic, 
It simpl) means that this is anothei one of the m.inv agents wdneh 
produce this arleiial ch.inge 

rXAMlNATlON ()1 nii: lungs 

The lungs in each case m this senes piesented both gioss and 
microscopic lesions Consideiablc confusion has been cieated in regaid 
to the gross and micioscopic lesions due to this epidemic disease, 
because the pathologists wdio have icported on the pulmonaiy lesions 
have not always endeavored to separate the lesions due to the viius 
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of influenzal pneumonia In the cases in which this lesion occurred, 
the influenza bacillus was always present, so that no decision can be 
reached as to whether the influenza bacillus or the virus of the epidemic, 
if they are separate, is the cause of this injury to the testicle 

Gross inspection of the testicle and the threading of the tubules 
failed to disclose this lesion, because in only one of the twelve cases 
in which the lesion occurred Avas anything abnormal reported in the 



Fig 2 — Testicle showing aspermia, thickening of basement membrane and 
edema of the interstitial tissue Low power photomicrograph 


gross , and, furthermore, in one other in tvhich interstitial orchitis was 
reported from the gross study, the testicle appeared normal under the 
microscope 

Unfortunately microscopic study of the testicles was only carried 
out in seventeen of the cases, but in twelve of these the special lesion 
was found in them in some degree It was possible to follow the lesion 
from its start to the end result m these twelve cases No organisms 
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of the epidemic and those dependent on the complicating organisms 
On account of the variety of complicating organisms, manifold gross 
pathologic appearances have been described, and a sharp separation 
between the lesions produced by the virus of the epidemic disease and 
the complicating organisms has not been made 


^ 1 



Fig 3 — Cut surface of a hardened influenza lung, showing the pathologic 
condition of the uncomplicated virus lesion, namely, acute alveolar emphysema 
and hemorrhagic exudate A portion of the pleura is included and shows the 
duskj red mottling which accompanies this lesion 

In forming an opinion in regard to the lesions produced by the 
virus of the epidemic, the study of these cases from Camp Devens has 
been supplemented by some material from the Peter Bent Brigham 
Hospital, and an analysis of the published studies on influenzal pneii- 
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inonia mentioned abo\e All of the woikcis m this held ha\e iccogni7ed 
lesions occinimg eail} in the lung nnohement ^^hlch aic not present 
in cases of lobar and bionchopneuinoni.i iinassoci.ilcd with this epidemic 
disease It is felt that it is now possible to pick out and aiiangc in 
sequence the lesions pioduced In the rirns of the epidemic disease and 





Fig 5— A tangential section llirongh a hardened lung, sliowing ahcolar 
emph\scina, bronchitis and pei ibronchitis and m.irkcd thickening of intci- 
lolndar sepUnns 'there aie a few bronchiectatic carities at both ends of the 
section 

follow the comse of these lesions even m the piescncc of those pio- 
duced by complicating organisms 

The lesions jieculiai to the vnus of the epidemic and then i elation 
to the difieient bacteria and othei jiathologic piocesses wall be dcsciibed 
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to the presence of dilated an spaces Also in some instances an ^ estclcs 
were Msible beneath the pleural surface and along the supporting tissue 
of the lungs This pictiue was not unifonnly distributed throughout 
the lungs hut was liinilcd in sonic cases to certain of the lobes 

Tins gross appearance of the lungs, which was considcicd to be due 
to the \irus of the disease, i\as quickh complicated by the lesions of 
diflerent bacteria, and in the gross more than microscojiic.ilH in some 
instances the characteristic fealuies of the Mrus lesions weie obscured 
b} the suiierimposed reactions 

Thus, even in the eaiK stages, the hemolytic streptococcus infection 
iiould mask to a considerable degree the lesions due to the virus of 



Fig 7— Low power photomicrograph illustrating the uncomplicated Mrus 
lesion of influcnra in the lung, acute alveolar emphysema, hyaline mcmliranc 
and hemorrhagic exudate 


the epidemic disease It is noteworthy that this streptococcus was a 
predominating secondary invader lu some localities and that it invaded 
the lungs early The pneumococcus infections piesented the charac- 
teristic consolidations due to this organism, which were either lobular, 
lobar or patchy in distribution The staphylococcus infections caused 
multiple abscesses The influenza bacillus was fiequently present in 
abundant numbers without masking the virus lesion Also the influenza 
bacillus produced in these cases and maintained a definite type of 
bronchitis, bronchiectasis, and pei ibronchitis after the initial virus 
lesion had subsided In these cases, the smallei bronchi weie proini- 
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in detail later In general, the lesion consists of an alveolar emphysema 
with an accompanying hemorrhagic exudate, in some instances inter- 
stitial emphysema, and the formation of a hyaline membrane in the 
alveoli and the alveolar ducts 

On gross inspection in the earliest fatal cases, partially collapsed 
lax lungs were seen which on section presented wet deep red surfaces 



Fig 6 — Two sections from an influenzal pneumonia case followed by pneu- 
mococcus lobular pneumonia The effects of the virus lesion are shown by the 
alveolar emphysema and the interstitial emphysema The arrows point to the 
bullae of interstitial emphysema Slightly reduced 

yielding a blood tinged serous liquid from some areas and deep red 
liquid of the consistency of blood from others On close inspection, 
especially when the cut surfaces were washed, the air-containing por- 
tions were found to be coarser in texture than the normal lung, owing 
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the influenza bacillus In clifleient lobes of the lung in one peison a 
different gioss appeal ance was at tunes encounteied. because the sec- 
ondai} imading oiganisins vaned 

In each of these cases fioin the Camp De\ens series organisms were 
reco^ered be cultuies or found on micioscopic examination of sections 
ot the lung In some of the eaih cases m winch oig.unsms w'ere only 
found m the sections, the distiibution of them was in the bioncbi and 



Fig 9— Low pow'cr photomici ograph of the virus lesion and an early 
bacillus iiifluenral bronchopncunionia, the former indicated h\ the acute alveolar 
einph 3 seiTia and hyaline membrane, the latter by the infiltration with polj'- 
morphonnclear leukocytes 

not in the alveolar regions Of the various organisms found, the 
influenza bacillus was seen much more frequently than otbei organisms, 
such as the pneumococcus and the streptococcus It w'as found m 
twenty-two of the twenty-six cases In a few^ of the cases m wdneb 
death occurred aftei a relatively short time, from seven to ten days 
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nent on cut section, and their dilatation was apparent These peri- 
bronchial lesions at times were so extensive that they coalesced and 
made the whole lung practically solidified 

These various types of consolidation and bronchial lesions became 
more pronounced and the typical virus lesion became less evident in 
cases m which the patient survived a week or more after the extension 
of the disease into the lungs As MacCallum ® has emphasized, it is 



Fig 8 — Section from the mediastinum Interstitial emphysema m a case 
of pneumococcus mediastmitis Note that the spaces occupied by air are lined 
mth a hj aline membrane similar m appearance and staining reaction to the 
hyaline membrane found in the acute alveolar emphysema of the lungs in 
uncomplicated influenzal pneumonia Low power photomicrograph, about 120 
diameters 


possible to pick out in the gross the lesions due to the streptococcus 
the staphylococcus as described by Chickenng,^“ the pneumococcus and 

15 Cliickering, H T , and Park, J H Staphylococcus Aureus Pneumonia, 
J A M A 72 617 (March 1) 1919 
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In a detailed desciiption of tlie difieicnt piocesscs in the lungs it is 
iinpoitant to keep in mind the difleicncc hetwecn the piilmonai}’ lesion 
pecuhai to the Mitis of the epidemic and the laiiotis lesions pioduced 
b} the secondaiy invading oiganisms Foi convenience, the lesion due 
to the Ml us of the epidemic disease ^\lll he c.illed the virus lesion m 
the folloiMiig desciiption In oidei to simplif) the desciiption, an 
outline of the dc\clopment and lepair of this viius lesion will he gi\en 



Pig II — Photomicrograph about 700 diameters illustiatmg the early repair 
of a hyaline membrane, namely, the invasion with polymoiphonuclcar Icukorylcs 
and m.icrophages 


as it was seen on imcioscopic study of the lungs As secondaiy infec- 
tion was ]iresent m each instance, it is not possible to decide whethei 
certain of the existing pathologic piocesses would have occuiied had 
the virus lesion remained uncomplicated The earliest death in this 
series occuiied seven days aftei the onset of the epidemic disease and 
the latest thnty-two days aflei the onset 
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from the start of the epidemic disease, the influenza bacillus was not 
recovered by culture or seen m sections of the lung 

In all but one of these cases (the exception being the patient who 
survived over four weeks) the peculiar pulmonary lesion mentioned 
above was present It was felt, however, that this lesion was not 
produced by any of the bactena present since this lesion was found in 
one early case in which the only bacterium present was an unidentified 
coccus found in the stained sections in the bronchial exudate Also, in 
two other early cases in which the pneumococcus with the usual pneu- 



Fig 10 — A higher power photomicrograph of field in Figure 9 to show the 
polymorphonuclear leukocyte exudate as a result of the Bacillus influenzae 
infection 

mococcus lesions was the only organism present in the lungs, this 
peculiar lesion was present in its early stages Thus, in three cases in 
which the influenza bacillus was not present this characteristic lesion 
Avas found, Avhich is strong evidence against the influenza bacillus or 
its toxin being the cause of this lesion No other organism was found 
in eten a majority of the cases, so that it is not reasonable to consider 
these other bacteria encountered in this group as the cause of this 
pulmonary lesion 
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sometimes appealed to liave replaced the ^^alls In other places, 
desquamated epithelial cells oi icd hlood cells and leukoc}tes lay 
between the h} aline membrane and duct oi aheolai w'alls In general, 
the arrangement and outline of this h} aline mateiial suggested that its 
position was an elicct of air forced into exudate Of just what this 
hjt aline memhiane was composed was not determined, hut apparently 
It was related to the action of the an and Mrus on some of the hod} 
fluid or exudates in this particulai disease and not, as some claim to 
the degenerated epithelium because m two c.ises m which the an had 
escaped from the lungs this same In aline memhi.mc was found m the 



Fig 13 — Low power photomicrogiaph of ,i lung w itli a Mrus Ics’Oii of 
influcnra woth a superimposed pneumococcus lobar pneumonia J he arrows 
point to hj aline membrane The fibrinopui ulent ch.iracter of the exudate is 
shown From our series of cases, the complete filling of emphysematous alveoli 
and aheolar ducts with exudate is brought about only bv pneumococcus 
infection 


tissues of the mediastinum wdiere no epithelium existed In both of 
these cases, there wms <i pneumococcus pericaiditis and an acute 
puriform infiltration of the fat and areolar tissue of the mediastinum 
There wms also a peneti ation of air bubbles into the mediastinal tissues 
and wherever the air came in contact with this exudate, the hyaline 
membrane was found It is felt that for the foimation of this mem- 
brane the air must be under some tension in its contact with the exudate 
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The virus lesion at the start consisted in an injury to the epithelial 
cells of the smaller bronchi, the bronchioles, the alveolar ducts and the 
lining of the alveoli themselves, desquamation of this epithelium and 
disappearance of it In some places considerable strips of desquamated 
epithelium were seen detached from the basement membrane but still 
preserving a normal staining reaction At the same time, there was 
intense congestion of the blood vessels in these areas, and although no 



Fig 12 — Photomicrograph of the virus lesion, about 700 diameters, showing 
a later stage m the repair of the virus lesion of the lung The organization 
of the hyaline membrane is evidenced by the ingrowth of fibroblasts 


actual injury to the blood vessels could be made out, there must have 
been an injury because the red blood cells had broken out into the 
lumen of the bronchial tree and the alveolar spaces and a slight amount 
of fibrin had been deposited In addition, a hyaline-like membrane 
was found in the alveolar spaces This membrane outlined cell-free 
spaces presumably occupied in life by air In places, the membrane 
was closely applied to the walls of the alveolar ducts and alveoli and 
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lungs The reaction associated with the secondaiy invading oiganism 
vaiicd somewhat vith the oiganism, and the difleient piocesses seen will 
be discussed below Fust, howevei, the jnocess of lepaii of the virus 
lesion will be considered The hemoiihage was cleared up by the 
taking up of the led blood cells bj endothelial phagoc>tes, as cells of 
this type lilled with red blood cells wcic seen The epithelial lining of 
the bronchial tree and the alveolai spaces legeneiates, as was CMclent 



Ftg IS— Low power photomiciograph of a portion of a bionchiectatic 
abscess, presumably the result of Bacillus influenzae infcetion A vein w th a 
large thrombus undergoing organization is sbowm on the light of the abscess 
wall 

from the appearance of mitosis in the epithelial cells and the presence 
of newdy foimed groups of epithelial cells which had not assumed the 
usual appearance of the older ones The hyaline membrane \vas quite 
resistant to tlie action of phagocytes or feiments, as it peisisted appai- 
ently unchanged after the lepaii of the othei elements of the viius 
lesion had begun In the latei cases, this hyaline membiane tvas 
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In addition to the peculiar changes mentioned above, the alveolar 
spaces were in many instances markedly distended with air, so that 
adjacent lung tissue was compressed Just what caused this distention 
was not evident, but it was assumed that the hemorrhage and hyaline 
material m some way acted as an obstruction to the outflow of air 
without preventing so effectively the inflow In some instances, these 
alveoli were so distended that rupture occurred in the wall, and the 



Fig 14 — Low power photomicrograph of influenzal pneumonia followed by 
bronchitis and peribronchitis The interstitial pneumonia and the fibrinous 
exudate into surrounding alveoli is well shown 


air extended into the adjacent connective tissue framework of the lung 
As no extensive injury to the alveolar walls was seen in these cases, it 
was felt that the rupture of the air was purely mechanical 

In the early cases, few leukocytes or phagocytes were present with 
these various lesions, and it is not clear just what the next step in this 
reaction would have been had it remained uncomplicated However, in 
all the cases in this group other organisms secondarily invaded the 
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tissue, but also the suriounduig alveoli The piocess Lonsisted in con- 
gestion of the blood vessels with hemoiihage and the dei)Osition of 
fibrin, neciosis of the epithelium lining of the alveoli and the presence 
of an inflammaton evudate thiough the suppoiting tissue and in the 
an spaces This peiibionchitis was seen in parts of the lung in wduch 
the virus lesion was not piescnt as well as being supei imposed on the 



Fig 16— Photograpli, about onc-half the naluial si7c, of a late stage of 
repair in infiuenral pneumonia, in which the viiits lesion has been followed by 
Bacillus influenzae, bionchitis, peribronchitis and bioncbopncumonia The 
ahcolar emphysema persists To be noted are bionchiectascs of a large size 
completely surrounded in the middle poUion of the figuic by scleiosed lung 
tissue The white patch at the apex shows an caihcr stage of oiganization 
The permanent character of the bronchiectases is paiticularly well ilUistiatcd 
in this photograph m the middle portion of the figure 


596 


ARCHIVES OF INTERNAL MEDICINE 


invaded by leukocytes and phagocytes and eventually organization with 
connective tissue took place into it If some of this hyaline membrane 
had been removed by ferment action, no evidence of it was seen in 
these cases, but it seems reasonable to consider that such action may 
have been going on as well as the phagocytosis and organization The 
emphysema of the alveolai spaces persisted to some extent m the 
patient who survived, but this lesion was more pronounced m the early 
days of the pulmonary involvement Although frequently m the later 
stages the alveoli were distended, they usually were filled with exudate 
owing to the secondary invading organisms 

In one case an interesting condition was encountered m that m one 
part of the lung the old virus lesion was undergoing lepair amid the 
lesions produced by secondary invading organisms, and in another part 
of the lung an early fresh virus lesion was found with all the usual 
histologic findings This also has been observed by Goodpasture ^ 

Returning now to the actual processes going on in the lung owing 
not only to the virus of the epidemic disease but to tbe secondary invad- 
ing organisms, a complicated pathologic picture was presented The 
chaiacter of the lesions varied with the organisms found in the lung, 
thus, the pneumococcus superimposed the usual picture of a lobar pneu- 
monia on this virus lesion, and if the viius lesion was not present in 
the particular lobe, there was the appearance of a straight lobar pneu- 
monia In the same way, m another case the hemolytic streptococcus 
produced its usual picture m the lungs m addition to the virus lesion 
In other cases various unidentified organisms had invaded the lungs 
and pioduced local abscesses and even extensive gangrene The details 
of the various lesions will not be discussed in tins report, because they 
add nothing new to the existing knowledge of the pathology of such 
processes 

The invasion of the lung with the influenza bacillus, however, pre- 
sented a pretty definite picture of interest, especially as it is possible 
that the virus lesion may eventually be attributed to this organism, and 
therefore what is about to be described may be simply additional 
processes due to the same cause The exudative and infiltrative lesions 
considered to be produced by the influenza bacillus were not peculiar to 
that organism, as similar lesions have occurred m bronchopneumonia 
from the streptococcus and other causes 

In the smaller bronchi exudate was found consisting of poly- 
morphonuclear and mononuclear leukocytes, m addition to red blood 
cells These leukocytes were apparently attracted to the lumen of the 
bronchi by the bacteria or some toxin such as influenza bacilli and 
other organisms were found both free and intracellular in the lumen 
of these small bronchi The process extended laterally from the lumina 
of the bronchi into their walls and involved not only the adjacent 
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In these lesions, liemonhage was a conspicuous facloi, and e\en 
as the lesion began to lepair evidence of fiesh hemoirhage was fre- 
quently found It WMS felt that these led cells bioke out of the vessels 
as pait of the lesion about the bionchi and w^eie not just the hemor- 
rhage that remained fiom the viius lesion It was one of the mleiesting 
features of these lungs that along with the piocess of lepair the acute 
process was still actnel} going on With this acute inflammatoiy 
reaction in and about the bionchi, the lumen of the bionchi often 
became dilated, and this dilatation of the bionchi in some instances 
reniaiiied after repair had taken place, and a condition of chronic 
bi oiichiectasis i csulted 

As earU as the twelfth or thirteenth da> aftei the onset of the 
epidemic disease, eiidencc of icpaii of this Inoiiclntis and peri- 
bionchitis began to appeal The epithelium in the bionchi and alveolai 
walls legeneiated Org<ini/ation took place into the fibiin in the 
aheolar spaces and wheieier it was deposited Organi/ation also 
occurred in the lunphatics and m the thiombosed \esscls Theie was 
nothing special in rcgaid to the chaiacter of the oiganization In 
some of the later cases ceitain of the smaller bionchiolcs w'cie seen 
wuth a fresh epithelial co\eiing o\er the iinderl}ing new conncctne 
tissue and the bronchiole pennanenth enkirgcd 

In summarizing the desciiption of the lung lesions one maj saj that 
in the lungs on gioss inspection the hcmoiihagic appeal ancc of the 
cut surface, the alveolar emjilwscma and in some instances the inter- 
stitial emphysema demonsti ated the piescnce of the vnus lesion Dikited 
and prominent bronchi wuth a confluent bi oncho])ncumonia emphasized 
the presence of the influenza bacillus lesion supci imjioscd Yaiinble 
pictures of lobar jmeumonia, jiatcln pneumonia, abscesses and gan- 
grene showed that other organisms of \arious sorts w'eie jiresent 
These findings w^eie confined to one lobe oi scatteied thioughout, or, 
as appeared m one case, various lesions .ippeai ed in the different lobes 
Microscopically, the virus lesion could be scpaiated from the lesions 
produced b} othei oiganisms and followed thiough its vaiious phases 
In addition, the inflammatory leaclion to the influenza bacillus foimed 
a fairly characteristic pictiiie, and the picture produced b} other 
organisms such as the pneumococcus and the streptococcus w%ns as it 
usually IS found 

Tissue from higher up in the lespiiatory tiact w^ns not piesened 
in many of the cases, but in those in which sections of the laiger bionchi 
and trachea w^eie studied the process w'as one of injury and desquama- 
tion to the epithelium wuth congestion and cellulai leaction in the sub- 
epithelial layer and connective tissue In some instances, the invading 
cells were polymoi phonuclear leukocytes, in other mononucleai cells of 
the lymphocytic senes 
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virus lesion, and therefore was considered to be due to the influenza 
bacillus or some other organism irrespective of the virus As this 
process extended laterally, blood vessels and lymphatics became 
involved An acute inflammatory reaction in the arterial walls was 
seen in some cases with a fibrin deposit, necrosis of the walls of the 
vessel and cellular infiltration Thrombosis was found m the blood 
vessels, and the lymphatics were distended with various types of 



Fig 17 — Photomicrograph of about 700 diameters showing the excessive 
regeneration of epithelium m atelectatic alveoli in the repair of the virus lesion 
This epithelial regeneration is an almost invariable accompaniment of repair 
when organization occurs 

Ieukoc3Tes and phagocytic cells This thrombosis m the blood vessels 
in the peribronchial lesions plays an important part in the fate of 
the exudate in the parts of the lung supplied by these vessels and 
probably accounts for the necrosis and organization which was often 


seen 



OBSERVATIONS ON CHANGES IN THE SIZE AND 
SHAPE OF HEARTS DURING THE PROGRESS 
OF COMPENSATION 

T C FRIEDMAN, MD, and SIDNEY STRAUSS, MD 

CUlCiVGO 

The geneial impression pre\ails that consicleiable vaiiation m heart 
size IS a not infrequent occuirence in pathologic conditions, and that 
such variations are indicated b} variation in position of the apex beat 
due to left %entiicular involvement This, ho\\ever, is not borne out 
by the few definite statements wdiich could be found m the literature 
Mackenzie states that during the progress of compensation no appieci- 
able difference m heai t size could be detected Floffman ^ states that 
in chronic heart disease compensation may oi ma} not be accompanied 
b} change m size and that size in itself is no certain indication of 
functional capacity, that being determined by muscle tonus Martin - 
cites a case m w^hich teleoioentgenograms during tbe convalescence from 
pneumonia show'ed a diminution in size of the heart Vaquez ^ illustrates 
a case of myocarditis showung progiessive letraction of all holders 
during intravenous injections of strophantlnn How'evei, the extent of 
such changes is not indicated except in ^ Vaquez’ case, m wduch it 
amounted to 2 7 cm It was this lack of exact data that prompted us 
to make this study 

Tile differences of opinion on this suliject are probably partly due 
to the laige personal factor in the percussion of heait borders It was 
decided, theiefore, to percuss the heart outlines of patients with 
decompensated chronic lesions at various times dining then stay in the 
hospital, note the boideis so obtained wuth lead markers, and contiol 
such detei ininations by leleoroenlgenograins in oidei that the peicussion 
errors might lie \isualized and more exact data of the heait size 
obtained In the examination of loentgen-iay films, two mam points 
w^eie determined Fust, the so-called transverse diameter of the heait, 
and, second, the heart outline The transverse diameter is usually 
defined as the sum of the greatest distance of the right and left bordeis 
from the median line, commonly designated ML and MR It seems to 
be well established that this diameter taken in conjunction wuth the 

■•■From the Investigative Service, Medical Department, Michael Reese 
Hospital 

1 Hoffman Erkrankungen des Hcr7cns, 1911, p 277 

2 Martin Am Jour Rontgenol 8 295, 1921 

3 Vaquez and Bordet Heart and Aorta, translated by Albert Honeij and 
John Macy, Yale University Press, 1920, p 63 
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CONCLUSIONS 

From this study we have drawn the following conclusions The 
cause of the influenza epidemic has not been established The influenza 
bacillus IS one of the secondary invading organisms The virus which 
causes the epidemic, in addition to the general febrile reaction, the 
general toxic symptoms and involvement of the upper respiratory tract, 
produces in the lungs in a certain percentage of the cases characteristic 
lesions which we believe are pathognomonic of this disease 

The hyaline membrane in alveolar ducts and alveoli of the lungs is 
an effect produced by air forced into exudate 

The virus which produces the epidemic may also be responsible for 
Zenker’s degeneration in muscle, a degenerative lesion m the cortex of 
the suprarenal gland and an injury to the tubules of the testicle, but 
we cannot exclude the effect of the influenza bacillus as a contributing 
factor in the pi oduction of these lesions 

All cases which terminated fatally were complicated by invasion 
with bacteria of which the influenza bacillus was the most frequent 
so that it IS impossible to decide what the course of the virus lesion 
would have been if uncomplicated 

The pulmonary lesion due to the virus of the epidemic can be 
detected m the presence of superimposed secondary pulmonary 
infections 

The alveolar emphysema leads to rupture of the alveoli, interstitial 
emphysema, and finally escape of air into the subcutaneous tissues of 
the body It is not established whether this would happen without 
secondary infection 

The pneumococcus and streptococcus produced m the lungs m the 
presence of the virus lesion their usual pathologic picture Bacillus 
mfincnsae in these cases was responsible for the production and main- 
tenance of a characteristic combination of bronchitis, penbronchitis, 
bronchiectasis, and bronchopneumonia 
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IS not al\\ci}S coincident with the apex as detci mined by the loentijeno- 
giam This diileience is piesent wdien the heait has become enlaiged 
sufficient!} to leach the lateial chest wall posterioi to the anteiioi angle 
of the libs Mere the maikei w'lll ahvacs he outside the loentgen-ia} 
position of the apex by a dist.incc equal to the thickness of the chest 
wall, a consideiable distance in fat oi musculai people (big 6, secenth 
lett intei space) jMoieovei, if the heait enlaiges he}ond this point, 
the apex can no longei mo\e outwaid. since it has ahead} leached 
the lateial chest wall and must theiefoie moce hackw.iid and he 



Fig I CH 13, lalilc 3) — Markets showing sources of crroi m percussing 
right heart border 

obliciuely in the chest cavity When this occurs, an antei opostenoi dis- 
tance plate, being simjily a ])iojection of this obliquely placed heait, 
must have a somewdiat smaller tiansverse diametei than the heait 
Itself Both methods then are liable to erioi m gieatly enlaiged hearts 
Group B (Table 2) includes those patients wdio left the hosjutal 
with heaits more or less compensated, but wuth the heait outlines the 
same as on entiance This included seven cases, thiee of wdnch aie 
also classed in Group (c) on cliff eient admissions Theie w^as one 
diagnosed myocarditis and six initial lesions The impiovement m 
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heart outlines furnishes the most reliable evidence as to changes in 
heart size It is also of \alue to determine the diameter m the second 
or third interspace 

In all twenty-one cases of decompensated chronic endo- and myo- 
caiditis were observed during one or more periods in the hospital 
Of these, eleven patients had mitral lesions , one, aortic insufficiency, 
and nine, myocarditis These cases all presented the usual clinical 
features of failure of the right side of the heart occasionally combined 
with failure of the left side of the heart For purposes of comparison 
they were further divided into three groups 

(a) Those leaving the hospital unimproved and whose heart out- 
lines remained unchanged 

(&) Those leaving the hospital with hearts more or less com- 
pensated, with heart outlines unchanged 

(c) Those leaving the hospital improved and with heart outlines 
changed 

Under group (a) (Table 1) were four cases, three of primary 
myocarditis and one of primal y mitral lesion As stated above, suc- 
cessive roentgen-ray plates of these patients superimposed on each other 
showed practically identical outlines m spite of variations in the trans- 
verse diameters up to 1 cm ,The table shows also that, in the main, 
percussion figures and roentgen-ray measurements agreed fairly well, 
there being a difference of from 0 7 cm to 1 6 cm between the two, 
as a rule, the percussion figures were the lower There is, howe\er, 
one striking exception This was in the case of R R , m whom on 
entrance the transverse diameter, according to percussion, was 23 5 
cm and the roentgen-ray measurement 18 9 cm Had there been no 
control of percussion here, this would have been looked on as a case 
of marked diminution in size of the right side of the heart It is well 
to note here the possible errors involved in determining slight changes 
in heart size by percussion alone First, as to the right border In 
using the lightest or threshold percussion, one often finds especially in 
decompensated hearts a change of note, that is, a rise in pitch, about 

1 5 cm to the right of the true heart border, when percussing from 
without toward the heart border This is indicated in Figure 1 by the 
outer of the two lead markers This change in note often coincides 
with a dense hilus shadow In order to determine the real heart border, 
one must continue the percussion until the change of note is accom- 
panied by a feeling of resistance in the pleximeter finger tip This 
IS indicated in the illustration by the second marker As the maximum 
retraction of the right border m our roentgen-ray controlled cases was 

2 5 cm , it can be seen of what great importance this single error may 
be The left border can, of course, be determined best by the position 
of the apex beat However, the apex beat as determined by palpation 
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siibiectue sMiiptoms was maiked Objectueh, iheie was climmntion 
of dyspnea and of cyanosis, somewhat lessened luei swelling and edema, 
in some maiked slowing of the pulse and m two eases a change fiom 
fibrillation to sinus ihUhm Functionall) . howevei, the impiovement 
w^as onh moderate, and one patient letuincd to the hospital in a shoit 
time with decompensation The heait outlines m the patient with 
m\ocaiditis aie reproduced in Figure 2 (C H 7'able 2) Hus case 
was included m the group despite the fact that theie was a slight change 
in heart outlines, foi leasons given latei The technic used in obtaining 
the composite plates in the illustiations was to supei impose diftcient 



Fig 2 (C H, Table 2) — Slight increase in heart si/o ^\ltll cessation ot 
tachycardia 

plates upon one anothei, using two fixed points, such as the junctions 
of the trans\erse processes wuth the tubercle of the first rib The 
arch of the aorta and the lateral chest walls also seived as checks in 
superimposing plates In this manner, heait outlines of any number 
of films may be drawm on a single one, for pin poses of comparison 
The dotted line m this figure represents the condition at discharge, at 
wduch time the fibi illation and tachycardia had ceased It wull be seen 
that not only was there no retraction of the bordeis, but slight move- 
ment of the left border outwaid (09 cm ) It is believed by some 
that a cessation of paioxysinal tachycardia is accompanied at times by 
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an mcicasc in heait si7c chic to giealei filling clniing diastole Ihe 
pulse late of the patient mentioned in the foicgoing on entrance was 
140 to 152, on dischaige 52 to 64 In anothei case (M O , Table 2) 
in which the slow' fibi illation (72 to 80) gave pl.icc to sinus ilnthm 
with a pulse late of 72, theie is no change in position of the left 
boidei In thiee patients belonging to gioup (c) fibnllation ceased 
dining tbc peiiod of obsenation In the fiist patient (B G , lable 3), 
when sinus i In thin w'as lestoied theie was slight icti action of the 
left 1)01 del <ind of the left auiiclc and siipeiioi vena cava of the 
light boidei In the second (1 B Table 3), fibnllation began 
again dining the e.uly ])<ut of hei stac in the hosjiit.il At this time 
theie was a mocement ontwaid of all holders On the second cessa- 
tion of fibnllation, the boidei s again cleaih leti acted In the thud 
ca'-e (B W Table 3). theie was no change of holders on the 
cessation of fibnllation To sum the matter ii]), there is appaientlc 
no fixed inlc foi change in heart si/c oi shape w'hen fibnllation 
ceases All holders m<i\ become smallei oi lemain unchanged Con- 
sidenng the pcicnssion figuics alone m this gioiip we would hare 
diagnosed a diminution m si/c of the hcait on dischaige m evei) case 
but two As a lule, the percussion figuics foi the tiansierse diametei 
weie 1 to 2 cm gic.itci than the loentgen-iay figuics Piobabl\ the 
limit of eiioi in percussing the tiansceise diametei is 2 cm 

Gioup (c) (Table 3) includes the icmaming cases, namel}, 
patients leating the hospital impiotcd and with hcait outlines changed 
Theie wcie thiitccn m this gioup, including thiec already consideicd m 
othei groups on diflcicnt admissions Jheic weie fire cases of myo- 
c<iiditis seren of initial lesions and one of aoitic insufficienc} Sub- 
dividing these again accoiding to the hcait divisions w'hich showed a 
change dtiiing compensation, we find sc\cn cases w'hich show'cd leti ac- 
tion of all holders including the supciioi vena cava and ptilmonai} 
alter} , foui cases inijiioved wnth leti.iction of the light boidei alone, 
one case show'cd leti action of the left boidei alone (on one admission) 
and tw'o cases show'cd leti.iction of gicat vessels alone An ilhistiation 
of letraction of all boidei s including the gieat ressels in a case of myo- 
c.irditis IS gnen in Figiiic 3 (M A of Table 3) It woll be noticed 
that the diminution involves the follow'ing cuives fiist, the uppei light 
cuive extending in this figuie to the thud mtei space, that is, the boidei 
of the supeiior vena cava, second, the low'ei light ciiive fiom the thud 
intei space to the cardiohepatic angle, the curve of the right auiicle, 
thud, middle left curve fiom the third iib to the fifth interspace, that 
is, the curve of the pulmonaiy aiteiy, and fouith, the lower left cuive 
01 that of the left ventricle The diminution in diameter of the base 
of the heait at the level of the third interspace (thiough the gieat 
vessels) is 1 5 cm The diminution m the usual tiansverse diametei, 
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angle at the junction of the t,upenoi ^ena cava and the light auticle 
piobabl} due to leti action of a piojecting bolder of the left auricle 
Second, aftei a fuithei staj, of two and one-half weeks, anothei film 
showed the left boulei unchanged and the light hordei maikedl}’’ 
diminished iinolving this time the supeiioi \ena ca\a and the nght 
auricle The part pla}ed In the nght \entiicle in such a conli.iclion 
IS not accuiatel}' detei mined In this method The total diminution m 
size of great vessels measuied m the thud interspace is 2 3 cm The 
diminution m usual tlans^else diameter (ML and MR) was 2 8 cm 



Fig 4 (B B , Table 3) — At first thcic was leliaction of left boulci oiih , 
later of right border The outer solid lines indicate condition on Jan 13, 
1923 the dotted lines on Tan 19, 1923, and the inner solid lines on Feb 
5, 1923 , left border coincides wnth dotted line 

Ihe marked diminution in size of the gieat vessels comiiared wuth 
the change m the usual tiansveise diametei noted m Figuie 4 and the 
preceding one was noticeable also m four othe: cases m this group In 
one (V G , Table 3) the diametei of the base diminished 3 cm , the 
transverse diameter, 2 1 cm In anothei (SC, Table 3) the diametei 
at the base diminished 2 5 cm , the tiansveise 1 5 cm In tw^o otheis, 
the decrease was either equal to oi slightly less than that of the tians- 
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that IS, through the widest points of the right auricle and left ventricle, 
IS 2 2 cm To be noted is the relatively large change in the size of the 
superior vena cava and pulmonary artery 

In Figure 4 (B B , Table 3) a double initial lesion with fibrillation 
IS presented On first admission, there was moderate improvement 
subjectively but no change in heart outlines (B B , Table 2) She 



Fig 3 (M A, Table 3) — Retraction of all borders The solid line indicates 
the condition on admission Jan 5, 1923, the dotted line, on discharge Jan 23 
1923 Note pulmonary artery and superior vena cava 

returned in three weeks with decompensation, with the transterse 
diameter 1 cm greater than on the previous discharge The improve- 
ment during this stay was marked by two stages of retraction First, 
at the end of a week there was a retraction of the whole left border, 
especially marked in the region of the pulmonary artery, and a slight 
change in the contour of the right border, indicated bv a more acute 
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the middle solid line, a distance of about 1 cm 1 he middle cm \ e on 
the light side extending fiom the second to the fourth interspace is 
possihh due to a piojectmg left auiicle Periods of impiovement, then, 
uere maiked b) leti action of the right and left auricles and superioi 
^ena cava, the left boidei lemammg unchanged, that is, reduction m 
size of the light and left Aentricles was not a factor in producing com- 



Fig 6 (H E, Tabic 3) — Change mostly m right border The innermost 
dotted line on the right side docs not indicate the change in heart sire but the 
junction of an inner dense shadow and an outer lighter one 


pensation Anothei point to be mentioned is the clearing up of lung 
detail in the last plates taken of this patient, as well as the mci eased 
sharpness of heart outline, both due to diminished engoigement and 
edema In several other cases, the same points weie noted In one 
(D F, Table 1) there was no subjective improvement, no change in 
heart outline, and still a diminution of pulmonary edema 
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^erse diameter The average decrease in the diameter of the great 
vessels m group (c) was 1 5 cm , the average decrease in transverse 
diameter of the heart in this group was 2 cm The importance of this 
point lies in the fact that percussion of the borders of the heart base is 
quite unreliable (for example, marker in Fig 4) In contrast with 
this It will be noted from the figures in Table 3 that the percussion 
measurements of the transverse diameter of the heart agreed fairly 
well with the teleoroentgenographic measurements 



Fig 5 (B W , Table 3) — Change m right border only Inner dotted line 
shoMs condition on Nov 16, 1922 The patient was ambulatory Outer solid 
line indicates condition on fourth admission, Jan 25, 1923 Middle solid line 
indicates condition on fourth discharge, Feb 20, 1923 

Figure 5 (B W , Table 3) is an illustration of retraction of the 
right border alone The patient had a double mitral lesion with periods 
of fibrillation The plate in the illustration was taken when the patient 
was out of hospital doing light work On readmission, again because 
of decompensation with fibrillation, the whole right border had extended 
outward, indicated b) the outer-most solid line After a stay of about 
four weeks, the right border again retracted to the area indicated by 
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inlei spaces, also cine to the piojectmg left amide A similai change 
was noted in the discussion of B B (Fig 4) In anothei patient 
(j\I K Table 3), wdio had an aortic insufficiency, the change duiing 
compensation was also most marked in the right boidet, that on the 
left being limited to a slight reti action in the pulmonary aiteiy legion 
restoring the curve to the aoitic insufficiency type 

In Figuie 7 (V G , Table 3) is showm a double initial disoider m 
w Inch impi o\ ement on the first admission w^as accompanied b} a i eti ac- 



Fig 8 (E L, Tabic 3) — ^Marked retraction of distended puimonaiv artery 


tion of the left boidei only This is the only case of the kind in the 
series A point of inteiest in this patient is the fact that though 
decompensation w'as not so mai ked on second admission as on fii st, the 
heart w^as larger It has, of course, often been pointed out that the 
size of the heart bears no necessary relation to its functional capacity 
Anothei feature of this case is the fact that on a latei admission 
improvement w^as accompanied by a retraction of all boi ders 

Figure 8 is an example of unchanged heait borders except in the 
area of the great vessels, here limited to the region of the pulmonary 
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In Figure 6 (H E , Table 3) a case of double mitral disorder 
with fibrillation, the gieatest change is m the light border, especially 
in fourth and fifth interspaces The most striking feature in the series 
of plates of this case is the lighter shadow projecting to the right of 
the innermost dotted line, evidently due to a greatly distended superior 
vena cava and right and left auricles Improvement was indicated by 
retraction of this lighter shadow only, especially in the fouith and 
fifth interspaces This is most probably due to retraction of the left 



Fig 7 (V G, Table 3) — First admission, retraction of left border only 


auricle, which in such cases projects from the posterior heart surface 
beyond the right auricle, as has been demonstrated by Assmann and 
Neumann The darker shadow within the inner dotted line is due to 
the right i entncle which remained unchanged during compensation 
There was a slight change in the pulmonary artery region, part of which 
may also be due to the left auricle retraction B G , Table 3, belongs 
to this subgroup (retraction of the right border only) Here, too, the 
most striking feature uas a retraction in the third and fourth right 



OBSERVATIONS ON THE INFLUENCE OF PITUITARY 
EXTRACT ON THE METABOLISM IN 
DIABETES INSIPIDUS-^ 

JAI^IES F WEIR, MD 

ROCHESTER, MINN 

The chief disturbance associated with diabetes insipidus relates to 
■water metabolism, and m any discussion of the subject the changes 
induced m normal pei sons b) di inking water copiously must be kept in 
mind V oit ^ pointed out that there is a small increase m nitrogen 
elimination after copious water intake, although Straub “ found no 
eftect on nitrogen equilibrium of man following the extra ingestion of 
2 liters of water Heilner found increased elimination of nitrogen 
111 fasting dogs after the intake of 2 liteis of water each day for two 
da} s Ha^\ k ^ gave more water and less protein to human beings and 
found that 4,500 cc of water each day raised the urine nitiogen from 

11 03 to 12 48 gm on the first day, and to 11 82 gm on the second day, 
with a secondary fall to 10 91 gm 

Rosenbloom and Price ° studied the metabolism of a boy, aged 4 
}ears, suffering from diabetes insipidus They found a normal amount 
and partition of urinary nitrogen Increased protein intake was 
followed by increased nitiogen output A low percentage of nitrogen 
was found m the stool, as compaied wnth the nitrogen intake They 
consider that the increased ingestion of ^Yater favois the absorption of 
nitrogen from the gastro-intestmal tract, wdiich Hawk has shown lessens 
the amount of fecal nitiogen excreted These authois believe that 
there is no important change in the state of nutrition or piotein metabo- 
lism in this disease The chloim metabolism -was noimal, except that 
an increased sodium chlorid intake resulted in larger quantities of 

* Thesis submitted to the Faculty of the Graduate School of the Uni\ ersity 
of Minnesota in partial fulfilment of the requirements for the degree of Master 
of Science m Medicine, October, 1922 

1 Volt, quoted by Lusk, G Science of Nutrition, Ed 3, Philadelphia, 
W B Saunders Company, 1919, p 162 

2 Straub, W Ueber den Einfluss des Kochsalres auf die Eiweisszerset- 
zung, Ztschr f Biol 19 527-549, 1898-1899 

3 Heilner, E Ueber die Wirkung der Zufuhr von Wasser auf die Stick- 
stoff und Chloralasscheidung im Harn, Ztschr f Biol 47 538-561, 1906 

4 Hawk, P B Studies on Drinking Water, Univ Penn Med Bull 17 7, 
1905 Fowler, C C, and Haivk, P B Studies on Drinking Water II 
The Metabolic Influence of Copious Water Drinking with Meals, J Exper M 

12 388-410, 1910 

5 Rosenbloom, J, and Price, H T A Metabolism Study of a Case of 
Diabetes Insipidus, Am T Dis Child 12 53-60 (July) 1916 



616 


ARCHIVES OF INTERNAL MEDICINE 


artery in the second and third interspaces Though less marked at 
discharge, the projection in tlus area was still present Although in 
only two instances of this series were the changes limited to the great 
vessels, as a part of right and left border changes, we have previously 
pointed out their importance 

In summing up groups (b) and (c) we find that in 35 per cent of 
patients recovering compensation, there was no diminution in the 
diameter of the heart or great vessel In 35 per cent more there was 
diminution in all diameters In the remaining 30 per cent , there were 
changes in one border only, most frequently in the right 

The diminution in great vessel diameter varied from 0 4 to 3 cm , 
that in transverse heart diameter from 0 8 to 4 1 cm 

CONCLUSIONS 

1 Cardiac compensation may be restored without any change in 
any diameter of the heart, with changes only m the great vessels, 
especially in the superior vena cava and pulmonary artery, with changes 
in the right or left borders or with changes m all borders At times 
the change in the right border is due to the retraction of the projecting 
left auricle 

2 A total change of 1 cm in the transverse diameter is within the 
limits of roentgen-ray error A change of less than 1 cm when accom- 
panied by change of shape may have considerable significance 

3 Most striking is the slight change in the left border as compared 
with the right 

4 The most frequent change is that at the base, namely, the superior 
vena cava and pulmonary artery This variation cannot usually be 
determined by percussion Therefore variations in size in chronic 
heart conditions determined by percussion alone are unreliable 

5 In cases in which decompensation occurs more than once, dif- 
ferent divisions of the heart may be affected each time, although the 
clinical pictures presented are identical 

6 In chrome heart disease there may be marked variation in func- 
tion, with slight or no variation in size 

104 South Michigan Avenue 
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Leschke^^ studied two cases of diabetes insipidus undei noimal 
conditions and on restriction of fluids (thirst) His data would indicate 
a concentration of the blood in the lattei condition 

Brunn reports evidence of a hydremia after the administration of 
pituitary extiact to patients with diabetes insipidus and to noimal per- 
sons The drug temporal ily blocked the kidneys to watei secretion 
Konschegg and Schustei found dilution of the blood aftei the 
administration of pituitary extract 

Priestley^' ln^estlgated the effects m normal peisons of drinking 
water copioush and found no change in the hemoglobin, or the oxygen 
content of the blood The electrical conductivit)^ was decreased By 
the determination of the total solids and of the plasma chlorids, he 
demonstrated a slight dilution of the blood during the diuresis following 
ingestion of 2 liters of water Administration of pituitan extract 
delayed the diuresis for from four to six hours, if it had already 
begun, the drug cut it short at once The interference with absorption 
from the gastro-intestinal tract pioduced by the ding, as claimed by 
Rees,^'^ IS slight, and not sufficient to account for the prevention of 
this diuresis 

In general, it is agreed that increased water intake b} normal 
peisons results in a slight increase m the urinary nitrogen elimination, 
while the fecal nitrogen is diminished because of bettei absorption It 
IS likeuise agreed that in cases of diabetes insipidus, a slight dilution 
of the blood seium occurs after the administration of pituitary' extiacl 
There is some difference of opinion with regard to the elimination of 
urinary nitrogen and chlorin in this disease before and after administia- 
tion of the pituitary extract However, no striking disturbance in the 
metabolism of these elements has been noted 

CLINICAL MATERIAL STUDIED AND METHODS UTILIZED 

Comprehensive studies were made of the blood and urine of two 
cases of diabetes insipidus (Cases 1 and 2) The studies in the second 

11 Lcschkc, E Bcitragc 7ur khnischen Pathologic des Zwischenhini': I 
Klinischc und cxperimentcllc Untersnchungen ubcr Diabetes insipidus, seine 
Beziehungen und 7ur Hypophyse und zum Zwischenhirn, Ztsclir f klin Med 
87 201-279, 1919 

12 Brunn, F Ueber diurcschominende und diurelisclic Wirkung des 
Pituitrins, Zentralbl f inn Med 41 674-679, 1920 

13 Von Konschegg, A, and Schuster, E Ueber die Beeinflussung der 
Diurese durch H 3 'poph 3 'sencxtrakte, Dcutsch med Wchnschr 2 1091-1095, 1915 

14 Priestley, J G The Regulation of the Excretion of Water by the 
Kidneys, J Physiol 55 305-318, 1921 

15 Rees, M H The Influence of Pituitary Extracts on the Absorption of 
Water from the Small Intestine, Am J Physiol 53 43-48, 1920 

16 These studies were completed by March, 1921, and preceded the publica- 
tion of several of the articles mentioned in the references 
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urine and no change in chlorin concentration in the urine The metabo- 
lism of sulphur, calcium, phosphorus and magnesium was also normal 
Gibson and Martin ® found a high level of ammonia and of 
undetermined nitrogen in the urine in a case of diabetes insipidus 
before the administration of pituitary extract, a considerable nitrogen 
retention with a lessened elimination and a more normal nitrogen 
partition after the administration of pituitary extract, and a return to 
the former condition as the effects of the drug disappeared 

Christie and Stewart ^ found a slightly decreased electrical conduc- 
tivity of the blood of normal persons after the ingestion of large 
amounts of water, indicating a more dilute serum in respect to 
electrolytes, and, on restriction of fluids, a slight increase in the 
electrical conductivity of serum, and a corresponding decrease in 
volume relative to corpuscles In a case of diabetes insipidus, after 
voluntary restriction of fluid intake or after pituitary extract administra- 
tion, they found a definite but slight increase in the conductivity of 
the serum and a corresponding slight decrease in its volume, relative 
to the corpuscles In a recent publication ® these authors report similar 
studies in two further cases of diabetes insipidus, finding no definite 
changes in the electrical conductivity of the serum, or its precentage 
volume before and after water deprivation Furthermore, there was 
no change, either one-half hour or five to six hours after resumption 
of water ingestion, other than a slightly greater percentage of serum 
in the specimen taken after five to six hours 

Williams® found sodium chlorid elimination in diabetes insipidus 
was on 3 higher plane after administration of pituitary extract 

Rabmowitch,^® in the study of a case of diabetes insipidus, found a 
normal nitrogen balance, but hyperchloremia, and high salt threshold 
and salt retention Sodium chlorid stimulated the kidney by lowering 
the threshold in proportion to the amount of the chlorid given After 
pituitary extract had been given, there was increased salt excretion and 
concentration 


6 Gibson, R B , and Martin, F T Administration of a Pituitary Extract 
and Histamin in a Case of Diabetes Insipidus, Arch Int Med 27 351-360 
(March) 1921 

7 Christie, C D , and Stewart, G N Study of a Case of Diabetes 
Insipidus with Special Reference to the Mechanism of the Diuresis and of 
the Action of Pituitary Extract on it, Arch Int Med 20 10-23 (July) 1917 

8 Christie, C D , and Stewart, G N Study of Some Cases of Diabetes 
Insipidus with Special Reference to the Detection of Changes in the Blood 
when Water is Taken or Withheld, Arch Int Med 29 555-566 (May) 1922 

9 Williams, J R Diabetes Insipidus A Metabolic Study of the Effect 
of Pituitary Administration, Endocrinology 1 312-325, 1917 

10 Rabinowitch, I M Metabolic Studies on a Case of Diabetes Insipidus, 
Arch Int Med 28 355-366 (Sept) 1921 
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8 p m , July 7, to 8 a m , July 8), and in the peiiod of treatment from 
130 cc to 317 cc except foi the period between 8 p m , July 10, and 
8 a m, July 11, A\hen the aveiage three-hour excretion was 655 cc 
At this time the eftect of solution of hypophysis (Squibb) was appar- 
ently wealing oft, since fiom 8 a m to 8 p m , July 9, the excretion 
was 862 cc, and for the same period on July 10, 774 cc, showung 
uniform action of the drug 

In the balance of w'ater, nitrogen and chloiids (Table 3), the 
experiment is satis factoi}', as the nitrogen and chlorid intakes w'ere 
uniform There w’as no diaiihea after the administiation of the drug, 


Day i 2 3 4 



Chart 1 (Case 1) — Balance of water, nitrogen and chloricis during metab- 
olism experiment 

and analysis did not reveal inci eased elimination of these elements in 
the feces The low’’ water iDalance in the normal period calculated fiom 
W'ater intake and output indicated unusually small losses by way of 
the skin and lungs, provided there was no change m weight This 
harmonized well with tlie clinical observations of dry skin and mouth 
The marked increase in the retention of water aftei the first dose of 
pituitary extract coi responded to the drop m urinaiy output The 
negative balance on the last day, due to the large excretion of urine 
from 8 p m to 8 a m , when the effect of the drug had appaiently 
decreased, suggested that the water had been retained The excretion of 
nitrogen in the urine was not greatly changed on the fiist day of treat- 
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case were repeated during the patient’s subsequent admission to the 
hospital Studies of the blood were made in two other cases (Cases 3 
and 4) and in normal persons An attempt was made to ascertain 
changes in the metabolism and excretion of water, nitrogen and chlorids 
during the administration of pituitary extract and variations in the 
composition and volume of the blood incident to these changes All of 
the subjects were under careful control in the hospital Freedom of 
water intake was allowed, but the amounts were carefully measured 
A constant diet was maintained and some of the articles of food were 
analyzed for total nitrogen and sodium chlorid Pituitary extract, when 
given, was injected sufficiently often to insure continuance of action 
Great care was taken in the collection of specimens, and duplicate 
analyses were made as follows Total nitrogen of urine, plasma, feces 
and food, Kjeldahl method, urine chlorids, Volhard method, blood 
chlorid, Rappleye method, food chlorids by Volhard’s method after 
ashing, urea, creatinin, uric acid in urine and blood, according to the 
methods of Fohn and Wu, urinary ammonia, Malfatti method, 
urinary acidity, titration with 0 1 normal alkali , total nonprotein 
nitrogen, Folin’s method, blood sugar, Benedict’s method, molecular 
concentrations from depression of the freezing point; relative plasma 
volume by the hematocrit , and water content of feces by drying to a 
constant weight 

EFFECTS OF PITUITARY EXTRACT ON METABOLISM OF WATER, NITROGEN 
AND CHLORID IN TWO CASES OF DIABETES INSIPIDUS 

Case 1 — Mr CNN, aged 47 years, came to the Clinic on April 23, 1920 
He had had typhoid at the age of 12 and a syphilitic infection at the age of 
24 In June, 1914, he had had pain in the legs and a sudden onset of polydipsia, 
polyuria and weakness In 1915, he had had transient attacks of diplopia His 
weight increased to 220 pounds (99 7 kg), but this lasted only a few months 
For the last five years there had been slight incontinence of urine Libido and 
potentio had been progressively and persistently diminishing 

At the time of examination, the patient weighed 175 pounds (79 3 kg ) His 
pupils reacted slowly to light and to accommodation, and were irregular 
Incoordination and Romberg’s sign were present The patellar and Achilles 
reflexes were absent There was loss of vibration, position and pressure sense 
A diagnosis of syphilis of the central nervous system (parenchymatous) was 
made 


RESULTS OF OBSERVATIONS IN CASE 1 
The water intake for each three-hour period before treatment 
varied from 720 to 1200 c c , and under treatment, from 0 to 480 c c 
In the period before treatment the water output in the urine for three 
hours alone varied from 544 c c to 980 c c (average of specimen from 

17 Water balance, as referred to here, is the difference between water intake 
and urine output The water content of the food calculated from the tables of 
Atwater and Benedict, but not the water of oxidation, is included in the figures 
for the water intake 
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ment, but dropped considerably on the second day Chlonds m the 
urine decreased on the first day and were lower on the second day 
The nitrogen balance was slightly positive in the period before treat- 
ment, with a slight retention on the first day and greater retention 
on the second day of treatment The chlorid balance was similar to the 
nitrogen except that the equilibrium was more nearly established in the 
period before treatment, and retention in the after period of treatment 
was more marked On the last day, the nitrogen and chlond balances 


Ta.ble 1 — Watei Balance Before and After Administration of 
Pituitary Extract (Case 1) * 



Hours of 
Collec 
tion 

Water Intake, 0 c 

Water Output, 0 c 

Balance, 

Cc 


In Pood 

Total 

Urine 

In Feces 

Total 
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July 7, 1920 

July 8, 1920 

8-11 
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8-8 
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6,407 

86 

6,493 

During 
treatment 
Julj 9, 1920 

July 10, 1920 

8-11 

11-2 

2-5 

5-8 

8-8 

Total 

480 

480 

0 

480 

0 
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2,865 
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40 

1,982 

8-11 

llr-2 

2-5 

5-8 

8-8 

Total 

480 

480 

0 

480 

480 

475 

475 

476 

8,S45 

ISO 

193 

197 

254 

2,623 

40 


—1,012 

1,920 

1,425 

3,397 

40 

3,437 


* A specimen of blood ^^as taben it 11 a m , July 8, at 7 45 a m , July 9, the patient 
was given 1 c c pituitary extract (pituitrm “0”, Parke, Davis & Co ) subcutaneously, and at 
Ham the other specimen of blood -vas taken At 8 a m, July 10, 1 c c. of Squibb’s 
pituitrm was given (Tables 2, 3 and 10) 


were not parallel with the water balance The variations m urine 
volume and specific gravity were marked The excretion of acids and 
ammonia was slightly lower after the administration of pituitary 
extract The percentage of ammonia nitrogen to total nitrogen was 
also a little lower on the last day 

l?.eferring to the daily totals, it may be noted, especially on the 
second day of pituitary extract administration, that there was a drop 
in the excretion of all the materials examined This accounts for the 
positive chlond and nitrogen balance, and indicates a retention of all 
these substances 
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in the fiist peuod, fioiii 101 to 420 cc duiing tieatment, and fiom 
165 to 941 cc in the final peiiod The mine output in the last two 
da3^s giadually increased in each thiee-hour period as the effect of the 
pituitar}'^ extract was wearing ofi, until duiing the last twelve hours, 


Table 4 — JVatcr Balance m the Fust Metabohsm Expcnvicnt (Case 2)* 



Time of 
Collec- 
tion 

Fluid Intake, C c 

Fluid 
Output, 
Urine, C c 

Balance, 

Cc 

Water 

Food 

Total 

Before Ircatmcnt 







Sopt 1, IKO 

0-11 

SOO 

520 


287 



11-2 

400 

629 


300 



2-5 

200 



700 



5-8 

GOO 

631 


557 



6-8 

1,GOO 



2,581 



Total 

3COO 

1,'^60 

5180 

1,525 

+004 

Sept 2,1020 

8-11 

£00 

530 


705 



11-2 

SOO 

530 


730 



2-5 

350 



185 



5-8 

400 

630 


680 



S-S 

1,800 



2,760 



Total 

4,150 

1,500 

5,740 

4,080 

+700 

During Treatment 







Sept 3, 1020 

8-11 

200 

6,11 


185 



11-2 

1,000 

531 


115 



2-5 

0 



125 



5-8 

200 

531 


120 



s-s 

200 



420 



Total 

l.COO 

1,693 

8,103 

915 

+2,278 

Sept 4, 1920 

8-11 

200 

520 


230 



11-2 

200 

520 





2-5 

200 






5-8 

200 

626 


115 



S-S 

0 



403 



Total 

800 

1,580 

2,380 

1,200 

+1,160 

After Treatment 







Sept 5,1020 

8-11 

200 



103 



11-2 

200 



175 



2-5 

0 



103 



5-8 

400 



405 



8-6 

2,400 






lotnl 

3,200 

1,532 

4,732 

1,445 

+287 

Sept 0, 1020 

8-11 

400 

510 


000 



11-2 

1,400 

510 


485 



2-5 

SOO 



125 



5-8 

200 

512 


025 



8-8 

2,050 



3,705 



Total 

4,850 

1,632 

0,382 

6,000 

+422 


* In tho first c\periincnt, blood ^\ns tiiLen before brcnbfnst nt 8 80 n m , 
and ■} feeptcnibcr i, nt 7 30 a in , 1 c c of pituitary extract (Pnrbe, Davis & 
“S”) Tvas given, and blood vas vitbdravn nt 8 40 a m Tbo pltultrln vas 


September 3 
Co piluitrin 

8 15 p m September 4, nt 8 45 a m, the next epeclmen vns taken Tbo pitultrin was 
repented nt 5 p m September 5 blood vas taken before breakfast, nt 8 45 a m and 
September 0 nt 8 30 a m Sjmptoms of thirst began about 8 p ra , September 0 (Tables 
5, C and 11) 


when the excretion was higher than at any time during the period 
before treatment 

The positive balance of water in the normal period was considerably 
higher than in Case 1 and approximates the amount excreted daily 
through the lungs and the skin by a normal person The marked 
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Case 2 — Mr C H H , aged 39 years, came to the Clmic on Sept 10, 1920 
He gave a history of having had diphtheria and scarlet fever at the age of 6 
years , typhoid fever at 7 , syphilitic infection with orchitis at 26, and an 
indefinite illness of gradual onset characterized by weakness, dark yellowish 
complexion, poor appetite and sleepiness at 32 A physician diagnosed syphilis 
and advised intensive treatment Three months later the patient had a sudden 
onset of thirst and polyuria, he drank from 11 to 14 liters of water daily 
About this time he commenced to notice decrease in libido and potentio which 
progressed to complete loss during the last two years With the onset of 
polyuria, he also noticed loss of facial and axillary hair 

At the time of examination, the patient weighed 172 pounds (78 kg ) The 
skin was dry, lifeless and sallow The testicles were small and atrophic 


Day 1 



The basal metabolism varied from — 31 to —15 The spinal fluid revealed a 
positive Nonnne reaction and 12 lymphocytes Other laboratory tests were 
uniformly negative 

RESULTS OF OBSERVATIONS IN CASE 2 

In Table 4 the water intake alone for each three hourly period is 
shown to vary from 200 to 800 c c before treatment, from 0 to 398 c c 
(omitting the one period from 11 to 2 on September 3, when 1,CX)0 cc 
were taken) during treatment, and from 0 to 6CX) c c dunng the period 
after treatment The urine output alone varied from 185 to 695 cc 

18 McNeal, M D The Male Sexual Gland in the Prevention of 
Creatinuria, Am J M Sc 164 222-227, 1922 
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relative decrease m the amount of plasma The molecular concentration remained 
practicall}’’ unchanged There was slight increase in uric acid and creatinin 
In Case 2, practically no change m relative plasma volume occurred during 
the first observation Molecular concentration was increased on the first day 
of treatment, but dropped on the second day, was still lower on the first day 
following cessation of treatment, but rose to its highest level on the succeeding 
day The total amount of nitrogen and sodium chlorid decreased during the 
period of treatment and increased again in the period after treatment No 
distinct change was seen m the other elements 


T VBLE 7 — Blood Analysis Bcfoic and During Advwit^hafion 
of Pituitaiy Exit act (Case 1) 



Table 8 — Blood Analysis (Case 2), Fust Obsci-vation 


Sep- 

tem 

ber, 

1920 

1 

1 

Hem at 
ocrit 
Plasma, 
per 
Cent 

■ 

Plasma for 
Each 100 C c 

Whole Blood, Slg for 

Each 100 C c 

Remarks 

Total 

NItro 

pen, 

Gm 

Sodium 

Cblorid, 

Mb 

Non- 

protein 

Nitro 

Bcn 

Urea 

Nitro- 

cen 

Sugar 

Uric 

Acid 

Great 

Inin 


1 

C7 

0 515 

1171 

C-18 

29 8 

■Pi 

128 

27 

1 9 

Normal 

o 

70 

0530 

1,142 

053 

20 5 

KfS 

108 



Normal 

s ^ 

' CO 

0 5-12 

1 0S2 

040 

20 0 

10 2 

144 



Pltuitrin 

i 

1 72 

0 531 

1 000 

023 

24 8 

14 8 

108 



Pltultrin 

5 

, 71 

0 522 

1099 

033 

281 

14 8 

108 



Normal 

0 

GO 

0 54C 

1 129 

018 

27 0 

13 3 

112 



Normal 


Second Obscrvntlon 


1921 

Hcmat 

ocrit 

Plasma, 

per 

Cent 

A 

Plasma for Each 

100 0 c 

Whole Blood, Mg for 

Each 100 0 c 

Remarks 

Carbon 

DIovid, 

Volume, 

per 

Cent 

Total 1 
Mtro 
Bcn, 1 
Gm 

Sodium 

Chlorid, 

Mg 

i 

Non- 

protcln 

Nitro 

gen 

Urea 

Nitro- 

gen 

Sugar 

Uric 

Acid 

1 ' 

Cront 

inin 

1 

Peb 25 

00 

0 548 


1200 

570 

283 

12 5 

58 

23 

1 4 

Normal 

20 

00 

0 528 

58 

1287 


31 9 

17 0 

78 

21 

1 7 

Normal 

27 

01 

0 530 

08 


580 

280 

13 2 

71 

24 

1 6 

Pituitrn 

28 

09 

0 491 

GO 

1182 

590 

283 

15 0 

112 

22 

1 5 

Pituitrin 

Mar 1 

08 

0 520 

08 

1 070 

6S0 

32 0 

10 7 


1 9 

1 5 

Normal 

2 

C8 

J 

0 537 

1 

08 

1120 

1 

695 

29 0 j 

15 7 

1 

i 

1 

28 

1 5 

1 

Normal 


During the second period of observation of this case, there was a rather 
marked increase in the relative plasma volume and decrease in the moleculai 
concentration, with a slight decrease m the total nitrogen of the plasma on 
the second day of treatment These changes were preceded on the previous 
day by a rise in the carbon dioxid combining power of the plasma In the 
period after treatment, the molecular concentration returned to its previous 
level, but the relative plasma volume and carbon dioxid combining power 
remained elevated The other elements showed no noteworthy changes 
Case 3— A nervous, poorly developed woman, aged 37 years, came to the 
Clinic on Feb 24, 1921 She had had typhoid fever at 17, and intense thirst, 










































628 


ARCHIVES OF INTERNAL MEDICINE 


increase m letention of water after the first dose of pituitary extract 
corresponded to the marked drop in urine output and confirmed the 
observation made in Case 1 The simultaneous increase in weight 
(Table 6) in this case, as well as the increased excretion in the final 
period, indicated a retention of the water in the blood or tissues The 
excretion of nitrogen in urine showed no change under administration 
of pituitary extract, but increased in the first day of the period after 
treatment A distinct drop in the chlonds m the urine was noted, 
under the effects of the drug, with an increased excretion in the period 
after treatment The nitrogen balance throughout was negative and 
showed no appreciable change as m Case 1 The chlorid balance 
showed a slight retention in the penod of treatment and a negative 
balance in the period after treatment In this final period, the chlorid 
balance ran parallel to the water In the urine, the marked variations 
m volume and specific gravity were again noted The excretion of 
acid and ammonia did not definitel)'- change, and no other characteristic 
variation in the total or percentage of excretion of the other elements 
in the urine was noted 

During a second observation, the urine was collected as usual, but 
examination was made of the twenty-four hour specimen only The 
water intake was determined for each twenty-four period 

In the period before treatment the urinary output in three hourly 
periods varied from 375 to 1140 cc , in the period of treatment from 
70 (average of specimen from 8 p m , February 27, to 8 a m , 
February 28) to 560 c c , and in the penod after treatment, from 175 
to 990 c c 

Equihbnum rvas fairly well established m the balance of water, 
nitrogen and chlorid, by the second day of the period before treatment 
The positive water balance did not change appreciably during the period 
of treatment, but the gain m weight in this period and the large negative 
water balance and drop m weight in the period after treatment were 
significant No definite conclusions could be drawn from the balance 
of nitrogen and chlonds 

The marked variations in urine volume, specific gravity and 
molecular concentration, were again seen No definite variations 
occurred in the total oi percentage excretions of the other elements 
determined 

EFFECTS OF PITUITARY EXTRACT ON COMPOSITION AND VOLUME 
OF BLOOD IN FOUR CASES OF DIABETES INSIPIDUS 

In Case 1, a decrease m the level sodium chlorid, urea and sugar in the 
blood was noted after pituitary extract had been administered There was a 

19 The collection of feces in this case was unsatisfactory and the results 
are omitted 
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For two years, thirst, pol 3 'uria and weakness had gradually developed She 
gave a long psjchoneurotic-like historj'^ that suggested a diagnosis of migraine 
and petit mal The urine output and thirst had been excessive for six weeks 
At the time of examination the patient weighed 104 pounds (47 17 kg ) 
Examination of the heart revealed chronic mitral endocarditis (stenosis and 
regurgitation) , otherwise plij^sical and laboratorj' examinations were negative 
There a\ as no change m the relative plasma volume or total nitrogen content 
after administration of pituitary extract However, there was a marked 
decrease m the molecular concentration and m sodium chlorid content The 
other elements examined remained unchanged 

COMMENT 

111 Mewing these results as a gioup, it may be noted that all the 
elements of the blood in these cases aie within normal limits, both 
before and after the administration of pituitary extract 

Table 1 1 shows that the molecular concentration, total nitrogen and 
sodium chloiid are usually decreased, and that relative plasma volume 
usuall)" shows an inciease after administration of pituitary extract 
These changes seem to indicate a dilution of the blood wdien the 
excessive elimination of fluid by the kidneys is checked by the adminis- 
tration of pituitary extiact, and contrasts with the absence of such 
changes in normal persons under the influence of pituitary extract 
However, the changes are neither constant nor marked, and too much 
importance should not be attached to them 

ErrECT or drinking tVATER AFTER ADMINISTRATION 
OF PITUIT-(VRY EXTRACT 

In Case 1, pituitary extract was administered, and the patient was 
urged to drink 3vatei m the amounts to wdnch he had previously 
become accustomed In a few hours he began to complain of headache, 
dizziness, nausea, malaise and weakness Perspiration wtis free There 
w'as evidence of edema at the ankles and m the loose tissues around 
the eyes The w'ater intake 3vas at once discontinued, and the edema 
and symptoms giadually disappeared The patient latei repeated the 
experiment, 'but did not drink as much as before In seven to eight 
hours, there 3vas a lecuiience of the symptoms, but without edema The 
blood examination before the experiment began and after the develop- 
ment of symptoms (Table 12) showed a marked increase in relative 
plasma volume, but no accompanying change m the molecular concen- 
tration, total nitrogen, sodium chlorid or urea content of the blood 
In view of this water intoxication, the routine water test of renal 
function was given m Case 2 At 8 a m , the patient diank 2,0(X) c c 
of water within thirty minutes on a fasting stomach Urine was col- 
lected and measured, and the specific gravity determined every half 
hour for four hours (Table 13) No pituitary extract was given 
before or during this test After the ingestion of the water, the 



630 


ARCHIVES OF INTERNAL MEDICINE 


polyuria and weakness, headaches, pain in neck, and nervousness began sud- 
denly in March, 1920 

She was somewhat anemic, but the physical examination was essentially 
negative Her husband had syphilis with definite evidence of involvement of 
the central nervous system In view of this, a lumbar puncture was made, 
revealing a positive Nonne reaction and 13 lymphocytes for each cubic centi- 
meter Wassermann reactions and the neurologic examination were negative 


Table 9 — Blood Analysts (Case 3)^ 


July, 

1920 

1 Hemat- 
ocrit 
Plasma, 
per 
(lent 

1 

Plasma for Each 

100 Oc 

Whole Blood, Mg for 
Each 100 C c 

Remarks 

Total 1 
Nitrogen, 
Gm 

Sodium 

eWorld, 

Mg 

Urea 

Nitrogen 

Uric 

Acid 

Creat- 

inin 


15 

61 

0 522 

1058 

629 

50 

2 4 


Normal 

16 

55 

0 549 

1163 

640 

58 

24 


Normal 

17 

67 

0 549 

0 940 

607 

66 

24 


Pltuitrin 

18 

67 

0 513 

0 970 

597 

61 

23 

m 

Pltuitrin 


* Blood was taken before breakfast at 8 30 a m on July 15 and 16 and at 8 15 a m 
on July 17 and 18 Pituitary extract (Parke, Davis &, Co , pituitrm “0 ’) was given mice 
doses at 6 a m and 8 p m on July 17 and at 6 a m on July 18 


Table 10 — Blood Analysis (Case 4)-^ 


August, 
1920 ^ 

Hemat- 

ocrit 

Plasma, 

per 

Cent 

1 

i 

Plasma for Each 1 
100 C c 

Whole Blood, Mg for 

Each 100 C c 

1 

Remarks 

Total 

Nitrogen, 

Gm 

Sodium 

Chlond, 

Mg 

Non- 

protein 

Nitrogen 

Urea 

Nitrogen 

1 

Sugar 

8 

66 

0 544 

0 980 

588 

28 



Normal 

4 

65 

0 530 

1 0927 

589 

23 

50 


Normal 

8 1 

65 

0 501 

0 905 

565 

27 

65 


Pltuitrin 

6 1 

66 

0 514 

1 1022 

560 

28 

57 


Pltuitrin 

7 1 

61 

0 512 

0 904 

576 

28 

65 


Pltuitrin 


* Blood was taken before breakfast at 8 30 a in on every day of the experiment, 
August 3 to 7 inclusive Pituitary extract (Paike, Davis & Co , pituitrm “0”) was given 
mice doses at 6 a m August 5, 6 and 7 


Table 11 — Summaiy of Blood Changes in Four Cases of Diabetes 
Insipidus Dili mg Treatment with Pituitary Extiact 


Case 

Relative 
Plasma Volume 
by Hematocrit 

Molecular 

Concen- 

tration 

Total 

Nitrogen 

Sodium 

Chlond 

Case 1 





1 

Decrease 

No change 


Decrease 


Increase 

No dinnge 

Decrease 

Decrease 

Case 2 




1 

No change 

Decrease 

Decrease 

Decrease 

2 

Increase 

Decrease 

Decrease 

No change 

Case 3 

Increase 

Decrease 

Decrease 

Decrease 

Case 4 

No change 

Decrease 

No change 

Decrease 

1 


The changes m the blood m this case after the administration of pituitary 
extract were the most distinct of any studied The relative plasma volume was 
increased, and molecular concentration decreased, both indicating a dilution 
The plasma content of total nitrogen and sodium chlond was decreased after 
the administration of pituitary extract No noteworthy changes in the other 
elements occurred 

Case 4 — A woman, aged 2& years, came to the Clinic on July 5, 1920 
She had had frequent attacks of tonsillitis and influenza m 1918 and 1919 
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the eftect of pituitaiy extract had worn off In no instance was there 
diarrhea after the administration of the drug, and analysis of feces in 
one case failed to reveal increased elimination of water by bowel 

Great caie must be exercised in intei preting changes in the balance 
calculated from the excretion of nitrogen, chlorids and othei elements 
in the urine However, there is some evidence of a decieased total 
excretion of nitrogen, chlorids, acids and ammonia with increasing 
elimination of these substances again as the effects of the diug dis- 
appear These changes are of minor importance and may leadily be 
due to the outstanding variations m water exchange 

In stud3mig the blood it was found that there was a slight relative 
increase of plasma \olume, and a relative deciease in total nitiogen 
molecular concentration and sodium chlorid of the plasma aftei the 
administration of pituitary extiact These weie not constant oi marked 
However, they suggest a dilution of the blood ^^hlch ma}^ also explain 
the phenomena of decreased excietion of nitrogen and chlorids in 
urine 

Changes in the water content of the tissues must not be over- 
looked, for in the one case in which toxic signs developed from over- 
ingestion of water after administration of pituitary extiact, definite 
edema was present Deteiminations of blood volume"^ have not given 
constant results Blood dilution constitutes an adequate explanation of 
the relief from the thirst, although a mol e complicated mechanism than 
simple dilution is undoubtedly involved Again, dilution of the blood 
IS one of the most effective methods of increasing urinary secretion 
in a normal person, but this inciease does not occui when pituitary 
extract has been administered to patients with diabetes insipidus At 
least. It IS not constant, and some othei explanation must be sought 
The increase in weight of the patients noted during the experiments, 
the decrease after, and the changes in water balance prove the retention 
of watei The occurience of edema in the toxic patients, and the 
minor changes in the blood indicate involvement of the body tissues 
This may mean a raised renal thieshold for water, as well as a change 
in the relative ease with which watei passes from the blood to the 
tissues as compared with the ease with which it passes from the blood 
through the kidney In other words, it is not known whether pituitary 
extiact affects the lenal tissue primarily, the water thieshold being 
raised and the retained watei distributed according to present known 
laws, or whether all the body tissues are affected by this drug in a more 
or less similar manner 


20 Rowntree, L G The Water Balance of the Body, Physiol Rev 
2 116-169. 1922 

21 Weir, J F , Larson, E E, and Rowntree, L G Studies m Diabetes 
Insipidus, Water Balance, and Water Intoxication Study I Arch Tnt 
Med 29 306-330 (May) 1922 
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patient noted chilliness and abdominal distress After from three- 
fourths of an hour to one hour, he suffered general distress Then 
his skin became moist, and he perspired freely He said, “This is the 
first real sweat I have had for a long time ” Later he became nervous 
and depressed, and lost “pep ” He exhibited no tremor objectively, 
but experienced a shaking sensation in his limbs A slight headache 
developed, his mouth became moist, and he lost thirst throughout the 
day During the four hours following the intake of the water, the 
unne output amounted to only one-half the intake This suggests, in 
comparison with normal reactions, an impairment of renal function 


Table 12 — Blood During Intoxication with Water After 
Administration of Pituitnn (Case 1) * 


July, 

Hemat- 

ocrit 

n 

Plasma for Each 

100 Cc 

Urea 
Nitrogen 
in Whole 


1920 

Plasma, 

per 

Cent 

m 

Total 

Nitrogen, 

Cm 

Sodium 

Ohlorid, 

Mg 

Blood, 
Mg for 
Each 
100 Cc 

Remarks 

19 

58 

0 527 

1096 

655 

14 

Before pituitrin 

20 

71 

0 628 

1000 

651 

14 

Imnng symptoms after pituitrin 


* Blood ■was taken at 11 a m on July 19 At 11 a m , July 20, 1 c c pituitary extract 
(Parke, Bavis &, Co , pituitrin "0”) was given and the patient ingested 3,120 c c of water 
up to 8 p, m At 10 p m the second specimen of blood was taken 


Table 13 — Result of Routine Water Test of Renal Function (Case 2) 


Time 

Volume, C c 

Specific Gravity 

8 SO to 9 OO 

400 

1005 

9 00 to 9 so 

320 

1004 

9 so to 10 00 

100 

1004 

10 OO to 10 30 

0 


10 30 to 11 00 

200 

1004 

11 00 to 11 so 

0 


11 30 to 12 00 

65 

1007 

12 00 m to 8 00 a m 

3,500 

1006 

Total 

4,495 



DISCUSSION 

The study of the urine and metabolism of two patients with diabetes 
insipidus disclosed a marked decrease in volume, with a corresponding 
increase in the specific gravity and molecular concentration (one 
patient) of the urine after the administration of pituitary extract 
With this decrease in volume, there was a disappearance of the dis- 
tressing climcal symptom of thirst The weight during two experi- 
ments on the same patient was definitely increased, while the normally 
slightly positive water balance increased markedly The urine m the 
period after treatment was increased above that of the period before 
treatment, indicating retention and confirming the patient’s statement 
that there was always a temporarily increased amount of urine after 















GASTROSCOPY IN THIRTY CASES OF GASTRIC 

NEOPLASM "■ 

R SCHINDLER 

MUNICH, GERMANY 

Among all the known pathologico-anatonnc forms of gastric tumor, 
carcinoma alone has been susceptible of diagnosis until the piesent 
time In rare cases a tumor recognized by roentgen-ray examination 
has proved at operation to be a benign polyp Still rarer has been the 
diagnosis of sarcoma from vomited tumor fragments 

Only gastroscopy renders it possible to recognize the different forms 
of tumor Through it we shall probably be forced to revise our ideas 
regarding the symptomatolog}’’ of new growths Much investigation is 
still necessary' to reach determinate results 

My observations were made m 400 gastroscopic examinations per- 
formed in the Munich-Schwabing hospital They nere made with a 
gastroscope of my ovn modification Examination with this instru- 
ment if expertly used is almost without discomfort to the patient The 
technic is not easy, and much practice is necessary to apply it safely 
and painlessly, but the diagnostic results are so excellent that the 
investigator with some knowledge of endoscopy will not be deterred 
by this difficulty In contradistinction to round ulcer, which, if situated 
at the pylorus, is difficult of examination, all neoplasms of the stomach 
offer a fruitful field of observation 

BENIGN TUMORS 

Only such tumors as are situated on the inner aspect of the stomach 
can be recognized by the gastroscope These include myomas, fibro- 
myomas, mucous polyps (solitary or multiple) and papillomas 
Lymphangiomas and cavernous angiomas occur but are rare 

A Ftbi omyoma — Fihromyomas are usually small and situated near 
the cardia I have diagnosed two cases with the gastroscope 

Case 1 — T S , a clerk, aged 60, had lost Yveight for a year on account of 
undernourishment He had pain in the stomach after meals He had lost his 
appetite He did not vomit There were no objective signs His tongue was 
coated He had pulmonary tuberculosis Examination revealed free hvdro- 
chloric acid, 0, total acidity, 4, lactic acid, 0 Microscopic examination 
revealed leukocytes, yeasts, and sarcmac The roentgen-ray examination Yvas 
negative Bowel movements were variable, he was usually constipated, occa- 
sionally he had colic 

Gastroscopy revealed low stomach, pyloric action normal, mucous mem- 
brane in region of antrum elevated, rugged and uneven On the cardiac 
sphincter there was a tumor the size of a cherry, pendant into the fornix, and 


* Translated by Lynn Rogers, Chicago 
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CONCLUSIONS 

1 Observations following the administration of pituitary extract 
to patients with diabetes insipidus confirm the pieviously recorded 
findings of a marked decrease in urinary output with corresponding 
increase in specific gravity and molecular concentration coincident with 
a temporary disappearance of the distressing clinical symptoms 

2 The simultaneous increase in weight and increase of positive 
water balance and the increased elimination after the effects of the 
drug have worn off indicate a retention of water m the blood or tissues 

3 Changes in the excretion of nitrogen, chlorids, acids and 
ammonia may be due to direct action of the pituitary extract on the 
kidney or may be secondary to the changes m water excretion 

4 The retention of water in the blood and tissues overshadows any 
possible retention of nitrogen and chlorm 

5 The blood of these patients presents slight and somewhat 
inconstant evidences of dilution The occurrence of edema in on6 case 
subsequent to forcing water proves that some, at least, of the retained 
fluid IS distributed to the tissues of the body 

6 Dilution of the blood and an increased tissue content of water 
produced an increased flow of saliva with the cessation of thirst 

7 The dilution of the blood does not appear sufficient to stimulate 
the kidneys of patients with diabetes insipidus who have received 
pituitary extract However, this dilution is neither marked nor con- 
stant, and some change in the renal permeability is undoubtedly induced 
The extent to which the tissues are affected is as yet unknown 

8 Forcing water to patients with diabetes insipidus subsequent to 
administiation of pituitary extract leads to the development of toxic 
manifestations 

9 In diabetes insipidus, pituitary extract raises the secretion 
threshold of the kidney for many substances, but especially for water 
It IS not yet clear to what extent it affects the relative ease with which 
water leaves the vascular system to enter the tissues or to be excreted 
by the kidney 
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repeated revealed the same condition The mucous membrane everywhere, and 
especially in the pyloric region, presented nodular and finger-shaped cxcrcs- 
censes On the anterior wall there was a hemispherical tumoi entirely 
covered with whitish mucus (most probably an adenomatous polyp) On the 
posterior wall of the fundus there was a gastro-cntcrostomy opening, function- 
ing rhythmically and energetically The pylorus was evtant and functioning 
normally 

Diagnosis Polyposis ventncuh 

In this case also it is not entirely clear whether the discomfoit was 
caused by the gastro-enterostomy or the polyp The lattei seemed 
piohable, as the gastro-enterostomy functioned normally 

Gastroscopic differential diagnosis between real polyps and the 
inflammator)' growths of gastiitis chronica polyposa is not difficult 
Real polyps protrude from smooth shmy normal membrane and are 
themselves covered with smooth orange-colored mucosa Pseudopolyps 
of chronic gastritis protrude from a dull, elevated, puffy mucosa and 
have a bluish translucence 

C Papilloma — I have not had an opportunity to obseive this rare 
benign tumor Through the gastroscope it would be indistinguishable 
from carcinoma papillosum, also rare The therapy would therefore 
necessarily be surgical The picture presented would resemble the 
c>stoscopic one of papilloma 

MALIGNANT TUMORS 

Among metastatic tumors, melanotic sarcomas, easily recognized by 
their black color, are most frequent Metastatic carcinomas, which aie 
apt to form multiple nodular and ulcerated metastases, are rare Sar- 
comas of various kinds occui in the stomach in addition to the frequent 
carcinomas 

A Saicoma — The ordinary nodular round-celled sai comas are not 
easily distinguishable from similar carcinomas, whereas the diffuse 
lymphosarcomas present a characteristic picture 

Casc S — C N a housekeeper, aged 60, had pain in the stomach She had 
lost weight and appetite Examination revealed no free hydrochloric acid, a 
total acidity of 5, no renniii, or pepsin, and no lactic acid Aticroscopic examina- 
tion revealed leukocytes, erythrocytes, bacteria and sarcinae Roentgen-ray 
examination revealed stasis m the duodenum 

First gastroscopy The mucosa of the lesser curvature was elevated, there 
were areas of submucous hemorrhage which in one place had broken through 
the mucous membrane Second gastroscopy This was performed four months 
later The whole membrane was greatly changed, showing everywhere large 
areas of diffuse hemorrhage The greater curvature of the fundus presented 
rigid streaks and bands showing a nodular surface If it had not been for 
the greatly advanced changes in the mucosa, the diagnosis might have been 
carcinoma The diagnosis was gastritis prolifcrans of an unusual type The 
patient declined operation, and four months later died of perfoiative peritonitis 
Necropsy revealed diffuse lymphosarcoma of the stomach 


1 This case was reported in great detail in Klin Wchnschr 42 2086, 1922 
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covered with smooth bright red membrane without ulceration Gastroscopic 
Diagnosis Chronic hypertrophic gastritis, small pca-sized tumor of the 
cardia, myoma or carcinoma 

Although the tumor gave the impression of being benign, gastroscopy was 
repeated after two and four weeks Through careful dieting the hypertrophic 
gastritis was nearly healed, but the tumor was entirely unchanged On account 
of its location at the cardia, the diagnosis of myoma, specifically fibroinyoma, 
was made 

Case 2 — In this case also the tumor was incidental 

M G , a scrubwoman, aged 45, for three years had had pain in the stomach 
some time after meals, relieved by eating There had been vomiting of blood 
and tarry stools The condition was diagnosed as being in all probability 
duodenal ulcer 

Gastroscopy The whole stomach was well illuminated Pyloric action 
was normal There was no ulcer The mucosa was very pale On the 
anterior wall there was an irregularly bordered area, gray-green and thinned 
out, the mucous membrane showing no red tint Somewhat higher but still 
below the cardia, there was a small half spherical tumor protruding into the 
lumen and covered with pale mucous membrane Gastroscopic diagnosis 
Anemia, circumscribed atrophic gastritis of the anterior wall and subcardial 
fibromyoma 

At the second gastroscopic examination the anemia was improved, the 
other conditions were unchanged 

In both cases I consider the fibroma incidental and believe that its 
association with unusual gastritic changes is fortuitous and that none 
of the subjective symptoms have any connection with the tumor 

B Mucous polyp — Mucous polyp occurs either solitary or multiple 
(polyposis ventricuh) We distinguish simple mucous polyp, cystic 
and papillary adenoma 

Case 3 — P H , a day laborer, aged 45, had dysentery during the war 
Since then he had had stomach pains unrelated to meals He had attacks of 
colic There were objective signs A test breakfast revealed free hydrochloric 
acid, 0, total acidity, 8, lactic acid, 0, absence of pepsin The microscopic 
examination was negative There was no blood m the stools Diagnosis 
Achylia gastnca and gastrogenic diarrhea following dysentery 

Gastroscopy There were surprising findings m the antrum A transparent 
reddish fold contracted and revealed the sphincter of the antrum which after 
the manner of the pylorus closed tightly with the formation of thick, elevated 
folds and creases so that the cavity of the antrum became entirely shut oft 
from the gastric cavity \Vhen the folds of the sphincter slowly relaxed they 
revealed a small irregular tumor between them, on the posterior wall 

The cavity of the antrum was now exposed and a moderately broad expanse 
of tumor was perceptible on the posterior wall The normal pylorus became 
visible beyond 

Diagnosis Polyp of the posterior wall of the antrum The polyp could 
also be demonstrated with the fluoroscope 

In reporting this case I have concluded that the gastric pains are to 
be explained bj'^ the presence of the polyp, which is irritant to the 
pylorus, producing spasm This patient was examined twice 

Case 4 — D, a housekeeper, aged 31, thirteen years previously had had 
an operation for alleged ulcer On presentation she had pain in the stomach 
and vomiting There was no hydrochloric acid or pepsin Gastroscopy twice 
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The base of the ulcer may be vivid yellow or gi ay-red, like the sur- 
rounding mucosa, but much oftener it piesents all the appearances of 
neciosis with maiked variations of blown, violet, red, yellow, white 
and especially green The green color of necrotic tissues as seen 
thiough the gastroscope is particularly characteristic The mucosa in 
the region of the tumor occasionally shows small secondaiy ulcers 
Otherwise it gives the picture either of chionic mucous catarrh with 
petechial injection and stringy and weblike deposits of tenacious mucus , 
or one sees on the apparently normal mucosa, various large atrophic 
gra} -green islands, the frank picture of an atiopic gastritis Rarely 
the pallid mucosa is dotted with petechial hemorrhages 

Scirrhous infiltration of the entire stomach wall pioduces the 
so-called “canteen stomach,” a diminished tube with boardhke walls 
As It cannot be inflated, gastioscopy is impossible The differential 
diagnosis of certain terminal foims of hypertrophic gastiitis can be 
made only postmortem 

The following is a biief history and description of the gastroscopic 
findings in twenty-five cases of carcinoma which I have examined 
In eleven patients the lesion was at the pylorus, in seven on the lessei 
cuia^ature, in six on the fundus and in one in the bowel immediately 
below the opening of a gastio-enterostomy 

cAuemoMA or the pilorus 

Case 6 — A. S, a servant, aged 27, had a "weak stomach” The symptoms 
had been aggra\ated during the last three Aveeks There were stomach pain, 
Aomitmg, extreme cachexia and anemia Hemoglobin Avas 19 per cent , there 
Avere 1,300,000 er^'throcytes Empt 3 'ing of the stomach Avas delayed A test 
breakfast reA’ealed free Iwdrochloric acid 10, total acidity 20 Fluoroscopic 
examination revealed an anatomic obstruction to tbe emptying of the stomach 
Carcinoma AA'as suspected 

Gastroscopy The mucosa of the fundus Avas almost Avhite In the dependant 
portion there Avas coffee ground fluid Before the pylorus could be examinea 
the lamp burned out, and another Avas not available Gastroscopic diagnosis 
Probably carcinoma The patient died in eight days Necropsy revealed a 
large ulcerated carcinoma of the pylorus Could gastroscopy have been con- 
tinued, the large tumor could not have escaped the eye 

Case 7— J K, a factory Avorker, aged 42, had lost Aveight — four kilograms 
m four months — and had gastric pain after meals and a poor appetite Exam- 
ination shoAved retarded emptying of the stomach The gastric juice contained 
no free hydrochloric acid, it contained lactic acid and blood The stool con- 
tained blood There Avas no palpable tumor Radioscopic examination revealed 
probably an old ulcer Avith surrounding hyperplasia Clinical Diagnosis 
suspected carcinoma 

Gastroscopy The antrum Avas only partly visible, a broad rigid elevation 
of the posterior Avail intervened obscuring the light Only a part of the 
pylorus Avas visible It Avas rigid and without motility There Avas no 
ulceration 

A biopsy was made Operation revealed carcinoma of the pylorus and 
greater curvature, which Avere totally resected 
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It IS obvious that diagnosis of this case could have been possible 
only through the gastroscope 

B Carcinoma — It is well known that gastric carcinoma is frequent 
Surgery is its only chance for cure The probability of successful 
radical extirpation is not bad i£ performed in time Many patients 
first show subjective symptoms when the tumor has become inoper- 
able There is, however, a large percentage of patients in whom a 
diagnosis could be made much earlier than is the rule at present 

I have formulated this rule When a person over 35 years of age 
suffers from gastric disturbances which do not disappear after internal 
treatment of from four to six weeks or when such a person shows an 
inexplicable loss of weight, he or she should undergo gastroscopy 
I vigorously support this opinion 

Carcinoma presents a different gastroscopic picture in each case 
One finds rigid infiltration of the wall, small shallow ulcerations and 
round cup-shaped tumors which often show crater-like ulcerations 
(This IS the most common form ) There are also solid, slightly ulcer- 
ated tumors and papillomatous tumors 

The picture varies greatly according to location of the tumor Often 
parts of tumors, frequently most important parts, remain hidden 
because of intervening portions of the normal stomach Ulcer par- 
ticularly IS sometimes hard to discern At times only a minute part of 
a large tumor is visible On account of optical distortion, it is hard 
at times to judge the exact size of the tumor 

The colors of carcinomas are brilliant m the gastroscope — much 
brighter than in a postmortem preparation 

In scirrhous infiltration of the stomach wall, the latter takes on an 
oddly rigid appearance and a grayish white color in sharp contrast to 
the normal orange hue 

Solid tumors may be covered with apparently normal mucous mem- 
brane, protude far into the lumen of the stomach and present only a 
small ulcer at their summits, or they may expand into a hemispherical 
form, become brownish purple and throw strong shadows on the pale 
gastric wall 

In one case there were white nodules probably covered with mucus 
It IS noteworthy that in the frequent cup-shaped tumors the wall pro- 
jects, usually dark red, from the much lighter colored normal mucosa 
Papillomatous cauliflower tumors are grayish red 

The cancerous ulcer has an irregular eaten-out border Its borders 
are usually, not always, elevated, wall-shaped Its differential diagnosis 
from bemgn ulcer is usually easy, but at times difficult and occasionally 
impossible Often the pathologic diagnosis can be made only with the 
microscope 
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It IS noteworthy that in this case gastioscopy proved of more value 
than radioscopy 

Case 11 — Q B , aged 54, during the past year had lost weight and had had 
pam m the stomach Radioscopy revealed a defect of the antrum and carcinoma 
First Gastroscop 3 '' Around the funnel of the antium there was a small 
abrupt circular tumor wall Tlie funnel showed red ulceration Gastroscopic 
Diagnosis Circular carcinoma of the pylorus 

The patient refused operation as his condition began to improve 
Second Gastroscopy The same tumor was present, but the wall was now 
higher and more rounded There was much funnel-shaped ulceration 

A biopsy was made Operation re\ealcd an ulcerated carcinoma of the 
antrum, the size of a saucer It was completclj' resected 

Gastroscopy had theiefore clearly shown the enlargement of the 
tumor notwithstanding the subjective improvement 

Case 12 — O N , a porteress, aged 63, two months before had had nausea 
and had vomited There was a large palpable tumor m the epigastrium 
Radioscop}' revealed carcinoma and almost complete stenosis 

Gastroscopy (repeated once) A large elevated, ciater-like, ulcerated 
tumor was found in the pyloric region The remaining mucosa was pallid 
Gastroscopic Diagnosis Carcinoma of the pylorus Operation was refused 
Necropsy revealed adenocarcinoma of the pylorus 

Case 13 — M R, a jamtress, aged 56, for the past year had lost weight, 
had had pain in the stomach and had vomited There was a tumor m the 
left umbilical region, there was normal emptying of the stomach There 
was no free hydrochloric, or lactic acid or blood in the gastric juice There 
was no blood in the stool Radioscopy revealed a strikingly constant defect 
in the antrum Carcirtoma was suspected 

Gastroscopy In the greater curvature tiiere w'as an elevated tumor with 
raised margin and dish-shapcd ulceration The ulceration was dirty green- 
gray The tumor projected into the antrum and covered the pylorus The 
mucosa of the fundus showed gray-green atrophic areas traversed by fine 
vessels Gastroscopic Diagnosis Large extensively ulcerated carcinoma of 
the antrum and greater curvature Biopsy was performed Operation con- 
firmed the gastroscopic findings A large tumor was completely resected 
Case 14 — B G , a cook, aged 47, had had pam in the stomach for two years 
In spite of radioscopic examination, her physician made a diagnosis of gastritis 
Finally there was coffee-ground vomiting There was a palpable tumor 
Radioscopic diagnosis was carcinoma of the pylorus 

Gastroscopy On the pyloric portion of the anterior wall there was a 
rough nodular ulcerated tumor covered with yellow secretion The mucosa of 
the lesser curvature was markedly indented Gastroscopic Diagnosis Car- 
cinoma of the pylorus with extension to the anterior wall and lesser curvature 
Necropsy revealed medullary carcinoma of the pyloric region with extension 
to the lesser curvature and anterior stomach wall 

Case 15— J S, a machinist, aged 60, for the past five months had been 
treated for gastric catarrh There had been loss of weight and vomiting of 
blood Emptying of the stomach was delayed There was no free h}dro- 
chloric acid, lactic acid was present Microscopic examination revealed leuko- 
cytes, fat droplets, saremae, yeasts and lactic acid bacilli There was an 
enormous tumor 

Gastrosopy The fundus contained blackish fluid In the antrum behind a 
rigid fold were granulation-like reddish ulcerated growths There was a 
blackish brown coating Gastroscopic Diagnosis Carcinoma of the pyloric 
region 
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It IS as yet unknown whether complete rigidity of the pylorus means a 
pathologic process in every case In conjunction with a rigid elevation of the 
posterior wall, such a finding established the diagnosis of carcinoma As a 
beginner, I did not venture to make it, as I had never seen a tumor through 
the gastroscope 

In all of the following cases, definite diagnosis was made with the 
gastroscope 

Case 8 — K K, aged 64, had lost weight and had pain m the stomach, 
anemia and palpable tumor Examination revealed no free hydrochloric acid, 
lactic acid and blood were present Radioscopic examination revealed carcinoma 
of the pylorus 

Gastroscopy Instead of the p 3 dorus there was a deep crater-like depres- 
sion , the surface was ulcerated, greenish black and dotted with minute hemor- 
rhages The ulceration was irregularly bordered by the mucosa of the anterior 
wall, which formed an elevated edge Toward the normal anterior wall were 
mushroom vegetations On the normal mucosa of the front wall toward the 
greater curvature was a sharply defined hour-glass shaped ulcer The posterior 
wall of the tumor was overlaid with a nodular rigid fold of the posterior 
stomach wall Stringy and coffee-ground greenish-brown deposits lay on the 
neighboring mucosa 

Gastroscopic Diagnosis Crater-like ulcerated carcinoma of the pylorus 
involving the anterior and posterior walls of the stomach At necropsy an 
ulcerated carcinoma was found involving the whole pjdoric canal, extending 
to the fundus and mesogastrium 

I have described the condition minutely in order to give some con- 
ception of the color and plastic details It would be impossible for the 
best artist to reproduce the exact coloring 

Case 9 — M H, a day laborer, aged 62, for three months had lost weight, 
there had been pain in the stomach, vomiting and anorexia Emptying of the 
stomach was greatly delayed There were free hydrochloric acid, sarcmae and 
bacteria Radioscopic examination revealed marked infiltration of the lesser 
curvature Clinical diagnosis Frank carcinoma 

Gastroscopy (with Eisner’s instrument) The pylorus was shut out from 
view by the marked protrusion of the lesser curvature On the anterior wall 
of the antrum a reddish, ulcerated mass of tissue projected into the lumen 
Gastroscopic diagnosis Carcinoma of the pyloric region 

Although no necropsy was performed, I ate this case to show that 
at times only a small part of an unquestionably large tumor is visible 

Case 10 — H W , a glassblower, had lost weight and had had stomach pain 
during the past three months He had had jaundice during the past twenty- 
eight days He had large tumor of the liver The stools were gray The 
gastric juice contained no blood or free hydrochloric acid Radioscopy The 
stomach was somewhat enlarged There was marked peristalsis and displace- 
ment to the left Emptying of the stomach was somewhat delayed There 
was duodenal stasis probablj’’ caused by some external enlargement or pressure 

Gastroscopy At the end of the lesser curvature there was a large tumor, 
^\lth a dark central depression and large gray, greenish and whitish ulcera- 
tions The margin was dark red and wall-like Gastroscopic Diagnosis 
Carcinoma of the pylorus 

Necropsy revealed metastatic carcinoma of the pylorus 
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the ropelike sphincter muscle of the antrum Immediately above on the lesser 
curvature was an ulceration Its border toward the posterior wall was some- 
what irregular The intact mucosa joined it without elevation and was a 
vivid red The anterior border showed two nodules which partly masked the 
yellow base Gastroscopic Diagnosis Ulcer of the lesser curvature, probably 
carcinoma < 

A biops 3 ’’ was made Operation revealed a tumor between the gastric angle 
and tlie cardia, which was resected The ulcer measured 2 7 by 3 7 cm Micro- 
scopic examination revealed that it was partly adenosarconia and partly solid 
carcinoma 

Case 19 — A B, a worker bj the da}, aged 46, had lost weight and had 
pain m the stomach after meals There was no free hj'drochlonc acid or 
occult blood in the stool Gastroscopj^ At the angle of the lesser curvature 
there was an ulcerated tumor with raised margin Gastroscopic Diagnosis 
Carcinoma of the lesser curvature 

A biopsj' was made Operation confirmed the diagnosis 
Case 20 — R , a farmhand, aged 38, had lost weight , he had poor appetite 
and pain in the back There was a palpable tumor of the stomach and blood 
in the stool The condition was frank carcinoma 

Gastroscopj’’ The anterior wall and lesser curvature protruded so far and 
so rigidlj' that thej’' pressed against the optic and were not moved awav by 
inflation On a fold of the anterior wall a flat ulceration was surrounded by 
blood infiltration Gastroscopic diagnosis was carcinoma of the anterior wall 
and lesser curvature 

In the follotving case the ulcer could not be bi ought to view Only 
the neoplastic infiltration of the mucosa furnished the diagnosis 

Case 22 — G N , a helper, aged 57, had lost w'eight and had had severe 
gastric pain, after eating, of four months’ duration There Was a palpable 
tumor He had pyloric stenosis Radioscopy yielded nothing definite, but 
clinicall} there was no doubt that the condition was carcinoma 

Gastroscopy There w'as a small dark brow'n mass in the fundus There 
w'as a marked tumor prominence of the lesser curvature so large that it 
obstructed any view' of the pyloric region From the anterior to the posterior 
w'all stretched a glistening mucous band partly infiltrated W'lth blood In the 
anterior w'all of the lesser curvature, there was a fold bordered area, depressed 
and less glistening, with a peculiar gray and rigid appearance Gastroscopic 
Diagnosis Scirrhous carcinoma of the lesser curvature Biopsy revealed 
carcinoma of the lesser curvature, well advanced It could not be resected 
because of metastases to the glands Gastro-enteroanastomosis was perfoimed 
Nccrops}' The same findings 

In the following case the gastroscopic picture was moie distinctive 
than the macroscopic picture at necropsy The final diagnosis was 
made by the microscope 

Case 23 — K S, a typesetter, aged 48, had lost w'eight and had gastric 
pain Radioscopy revealed that there was probably carcinoma of the pylorus, 
and carcinomatous ascites Gastroscopy High up on the lesser curvature 
there was a large deeply fissured tumor-like area It was dirty gray-green or 
gray-yellow, the margin being somewhat raised Further entrance by the 
gastroscope was impossible Gastroscopic Diagnosis Carcinoma of the lesser 
curvature At necropsy it was found that the mucosa was macroscopically 
unchanged A tumor appeared to arise in the tail of the pancreas and infiltrate 
the stomach wall Microscopic examination revealed adenocarcinoma of the 
stomach The mucosa of the lesser curvature was extensively necrotic 
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Necropsy revealed a sharply defined large necrotic, disintegrating carcino- 
matous ulcer of the pylorus 

Case 16 — P R., a day laborer, aged 57, had lost weight and had had pain 
in the stomach, pyloric stenosis and blood in the stool Gastroscopy There 
was a rather long tumor of the greater curvature of the antrum with raised 
margin, extensively ulcerated Across the ulcerated area stretched many tough 
threads of mucus 

Biopsy was performed Operation revealed a carcinoma of the greater 
curvature at the pylorus, which was resected 

CARCINOMA OF THE LESSER CURVATURE 

It IS perhaps no accident that two “early” diagnoses proved to be 
carcinoma of the lesser curvature By “early” diagnosis is meant a 
diagnosis made at a time at which the unquestionable recognition of 
carcinoma is not yet possible by methods other than gastroscopy and 
while the tumor is still operable 

Case 17 — h R , a watchman, aged 60, had no gastric symptoms There 
were merely weakness and loss of weight Three years before he had had 
tuberculosis of the right shoulder-jomt Five years before he had had pul- 
monary hemorrhage He now had extensive indurated tuberculosis of tlie 
right upper lobe He had marked anemia (hemoglogin, 38 per cent ) The 
stools showed occult blood Tuberculosis of the bowel was first suspected 
There was no free hydrochloric acid Radioscopy revealed a flabby stomach 
sagging toward the colon and diverticular outpouching of the greater curvature 
(malformation) The consulting surgeon refused surgical intervention because 
of doubtful diagnosis and the serious pulmonic lesion 

First Gastroscopy There was a rigid spastic fold protruding from the 
anterior wall 

Second Gastroscopy The pylorus was clearly focused There was active 
motility, type 2 

As the pylorus contracted, a red half-spherical prominence appeared on the 
lesser curvature of the antrum cavity, half covering the latter during con- 
traction, and having at its apex a small yellow point When the pylorus relaxed, 
it disappeared behind the gastric curvature This was observed for some time 

A biopsy was made Operation was performed because of the foregoing 
findings There was carcinoma (microscopic adenocarcinoma) of the lesser 
curvature not extending to the sphincter A shallow ulcer with an elevated 
margin was resected 

The medical practitioner could without doubt often obtain equally 
satisfactory results by resorting to early gastroscopy in the case of 
gastric disease or of old people who are anemic and losing weight 

Case 18 — K N , a clerk, aged 54, had gastric pains after meals He had 
lost weight and had vomited during five months There was some mucus m 
the stomach after a test breakfast There was no free hydrochloric acid and 
no blood in the stool No tumor mass was present Radioscopy revealed a 
rather long fish-hook stomach and marked peristalsis Emptying of the 
stomach was somewhat retarded There was no evidence of tumor Duodenal 
stricture was suspected 

First Gastroscopy The stomach contained large masses of thick glairy 
mucus, mixed with blood which obscured the view of the lower portion of the 
organ 

Second Gastroscopy Excellent view was obtained The pylorus con- 
tracted normally and completely (Type 1), expelling fluid At the angle was 
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The following is the only finely nodular cauliflowei carcinoma in 
my series 

Case 28 — I O, a man, retired, aged 68, suffered from loss of weight, pain, 
vomiting and a palpable tumor 

Gastioscopy On the gi eater curvature of the corpus there was a pro- 
jecting, finely nodular cauliflowei growth There was bloody, fluid mucus 
Gastroscopic Diagnosis , carcinoma of the corpus 

The next case presents a maneuvei in gastroscopic technic which 
the beginnei should nevei imitate 

Case 29 — J K , a day laborer, aged 53, foi the past six months had had 
gastric pain immediately after meals and he vomited There ivas no free 
hydrochloric acid or blood in the stool However, the diagnosis of ulcer with 
hour-glass stomach w’as made in tw'o roentgen-ray institutes Clinically, how- 
ever, the suspicion of carcinoma of the cardia remained 

Gastroscop} It w’as not possible to introduce the gastroscope as the rigid 
portion met an impassible obstruction at the cardia Therefore the obturator 
tube was withdrawn! and the optic tube carefully pushed in, and although the 
mark was still soniewdiat above the teeth, it was possible to obtain a view 
The cardia arched forw'ard, sickle-shaped Below w'as a crater-like sloping 
mucosa On the floor of the crater was an irregular ulcer covered with ragged 
dirt} gray-}ellow' membrane Below' w'as the cavity of the stomach Fioin it 
dark Burgundy red fluid flowed over the ulcer Gastroscopic Diagnosis Car- 
cinoma of the greater curvature of the fornix 

A biopsy W'as made Operation confirmed the diagnosis The cancer infil- 
trated the colon The colon and stomach w'erc resected It w'as necessary to 
divide the lesser curvature immediately below' the cardia 

C ARCING At A BENEATH A GASTRO-ENTEROSTOMY OPENING 

In this case, gastroscopy accomplished a unique and bnlhant diag- 
nosis, an early diagnosis which has already been reported It will be 
mentioned only briefly heie 

Case 30 — E B, a shoemaker’s w'lfc, aged 44, had had an operation on the 
stomach eleven years before She had lost weight during the last tw'o months 
and W'as anemic Radioscopy revealed a functioning gastro-enteroslomy 
Otherwise the examination was negative Clinical Diagnosis Suspicion of 
ulcer 

Gastroscopy In the deepest portion of the fundus, there was a collection 
of ragged gray-yellow masses floating in fluid On the greater cuivature, 
there was an oval opening which opened and closed rhythmically On closing. 
It discharged the same shreddy material seen in the fundus On its uppei 
margin, there were two small yellow-coated ulcers In the pyloric legion there 
was a binodular polypoid excrescence The pylorus was not visible Gastro- 
scopic Diagnosis Malignant tumor immediately beneath a gastro-entei ostomy 
— peptic ulcer 

A biopsy was made Just previous to the operation it was learned that the 
pylorus had been resected eleven years before because of carcinoma The old 
microscopic preparation confirmed it There proved to be a carcinomatous 
recurrence in the colon beneath the gastro-enterostomy opening which it was 
possible to resect, together with the ulcers and the stump of the pylorus 
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CARCINOMA OF THE FUNDUS 

Carcinoma of the fundus occasionally renders the introduction of 
the instrument exceedingly difficult, especially so the higher up it is 
located Gastroscopy of carcinoma of the cardia is obviously not 
feasible Esophagoscopy is the method to be used 

Case 24 — F B , locomotive engineer, aged 58, had lost weight and appetite 
and had gastric pain Examination revealed no free hydrochloric acid There 
was much blood in the stool Radioscopy revealed a tumor-1 ike bulging on 
the anterior wall Between this and the posterior wall there was a small 
fissure on the greater curvature discharging blackish green fluid Below the 
conical bulging of the front wall there was a nodular red excresence Gastro- 
scopic Diagnosis Carcinoma of the posterior wall and greater curvatuie of 
the fundus A biopsy was performed Operation revealed carcinoma at the 
site specified The tumor was resected 

Case 25 — M D , a coachman, aged 60, had lost weight and had gastric 
pain There was no free hydrochloric acid, or blood in the stool Radioscopy 
revealed a probable tumor 

Gastroscopy It was not possible to obtain a clear view of the anterior 
wall of the lesser curvature of the fundus because of the close proximitv of 
the instrument to this surface By moving the prism downward to the right 
with the patient m the left-sided position, the extremely pale mucosa was 
seen to be injected with small hemorrhages To the left was a large prominent 
brownish violet tumor Gastroscopic Diagnosis Carcinoma of the anterior 
wall and greater curvature of the fundus Necropsv confirmed the diagnosis 

The following case shows that the gastroscopic finding may be of 
importance as an indication for treatment 

Case 26 — Bertha A, a cook, aged 27, had had hypogastric pain for six 
weeks Five months before bilateral ovarian carcinomas had been removed 
A few weeks later there were symptoms of ileus Now there was a recurrence 
in the pelvis, compressing the rectum It was the intention to give deep 
roentgen-ray treatment, but radioscopy of the stomach and bowel showed, 
besides dilatation of numerous intestinal loops, a defect of the greater curva- 
ture Irradiation should be used only when the stomach is not involved 

Gastroscopy The anterior wall, lesser curvature and pyloric region were 
rigidly infiltrated The antrum presented a rigid trough The pylorus was 
not patent On the greater curvature of the fundus is a grayish-red ulcera- 
tion with a high wall-like margin Gastroscopic Diagnosis Carcinomatous 
ulcer of the greater curvature, probable extensive infiltration of the stomach 
wall 

It follows that the ovarian carcinomas were metastases from the primary 
gastric cancer The treatment was purely symptomatic, irradiation being dis- 
carded Necropsy fully confirmed the diagnosis 

Case 27 — C KL, a mason, aged 51, had profuse hematemesis without loss 
of weight or definite symptoms Diagnosis Probably round ulcer The stools 
were free from blood after four weeks Three weeks later there was vomiting 
and no free hydrochloric acid 

Gastroscopy The anterior wall was difficult to focus The posterior wall 
was very well focused Just below the cardia there was the elevated margin 
of a fissured yellowish white ulcer of the greater curvature The wall pre- 
sented rough nodules and depressions Gastroscopic Diagnosis Carcinoma 
of the corpus. Radioscopy confirmed the diagnosis Necropsy revealed car- 
cinoma of the corpus, perforating into the liver 
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'THE GENERAL RELATION BETWEEN SUSCEPTI- 
BILITY AND PI-IYSIOLOGIC CONDITION ” 

C M CHILD, MD 
cinCAc.o 

The phaimacologisl atid the student of mammalian physiology find 
in general a high degice of appaient specificity in the susceptibility 
of difleient oigans and paits to ditigs and otliei external agents For 
example, stnchnin and atiopm in ceitain concentiations aie both 
excitants of the cential neivous system, but stiychnin is believed to 
act chiefl} on the spinal ccnteis, while atiojnn appaientl} afi'ects chiefly 
the highei centeis Again, agaritin supposedly inhibits the teimina- 
tions of the secictoi} fibcis of sweat glands, but not, oi to a lessei 
degiee, othci secietory teiininations, but atiopin is believed to inhibit 
not only the secietoiy teiininations of the sweat glands, but also those 
of many othci s Pilocaipin, on the othei hand, supposedly excites 
the terminations of secretoiy ncivcs The susceptibility of sensoiy 
neives to cocain is appaiently gieatei than that of motoi neives In 
the susceptibilities of difteicnt jiaits of the neivous system and othei 
oigans to vaiious anesthetics and naicotics, foi example, ethei, chloio- 
foim, moiphin, nitious oxid, etc, ceitain appaiently moie oi less 
specific difleiences appeal The action of digitahn and lelated chugs 
on the heait and cential neivous system and the action of eigot on the 
pregnant uterus aie fiulhei cases in point 

Moieovei, the susceptibility lelations to a paiticulai agent may 
diffei greatly ivith difleient concentiations A low concenti.ition may 
excite a particulai organ oi pait, a highei concentiation may inhibit 
It Certain concentiations may appaiently be without effect on ceitain 
organs, although affecting othei s to a maiked degiee, while othei 
concentrations may affect all Of course, m the higher animals and 
man it is usually impossible to detcimme with any accuuicy the con- 
centiation of an agent to which a paiticulai internal oigan is exposed 
at a given time This is m geneial true whethei the agent is iiitioduced 
through the ahmentaiy tiact, the blood stieam, the lymph, or fiom the 
body cavity Some of the appaient specificities in the susceptibilities 
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In this connection it may be mentioned that another case came to 
operation in which the radioscopic diagnosis of carcinoma was made 
while nothing was found with the gastroscope At operation the 
stomach revealed no pathologic change 

SUMMARY 

Four benign and twenty-six malignant gastric tumors were demon- 
strated by gastroscopy Of the four benign tumors two were fibro- 
myomas, one solitary mucous polyp and one polyposis 

Of the twenty-six malignant tumors, one was diffuse lymphosar- 
coma and twenty-five carcinoma Ten were confirmed by biopsy, 
eleven by necropsy, two by biopsy and necropsy The findings were 
always in full accord In three cases, early diagnosis of carcinoma 
was possible 

Through systematic employment of this modification of the gastro- 
scope, I hope that early diagnosis of carcinoma will be definitely 
advanced 
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which this piocess occnis The cells of certain body legions or of 
certain individuals may lose then charactei istic stiucture and break 
down completely, while those of other legions or individuals aie still 
intact and show cihaiy. contractile oi other activity as evidence of life 
^^hth othei agents or in other foims a coagulation of the piotoplasm 
may serve as an indicator of death and so of susceptibility Cessation 
of motor activity m motile foims, a certain degree of narcosis or of 
some otbei toxic effect of an agent can also be used in some cases as 
criteiia of susceptibilit}" 

In work of this soit with chemical agents it is of couise necessaiy 
to pro\ ide so fai as possible for equal exposure to the agent of different 
body legions which are to be tested In naked aquatic forms with little 
differentiation of diffeient regions of the body surface, for example, 
many flatuorms the fiee swimming blastulae. gastiulae and lan^al 
stages of man)^ invertebrates, the susceptibilities of diffeient regions 
of the surface to chemical agents can be directl}’- determined without 
difficult}, in solutions of the agents In moie highly differentiated 
forms vith internal organs, the susceptibilities of these organs to 
chemical agents cannot be diiectly determined simply by immersing the 
organism in the agent used, because the agent must pass through oi 
disintegrate the surface of the body befoie it can act on the internal 
organs In many of the lowei invertebrates, this difficulty can be m 
pait eliminated b} exposing tiansveise cut surfaces fiom different 
levels of the body, or from the same levels of diffeient indniduals, 
and in some foims in which a cuticle or othei nonliving layer coveis 
the surface, transverse cut surfaces may also be used In many of 
these cases, howeier, it can be shown by compaiing the effects of 
\arious chemical and physical agents that regional differences in sus- 
cejitibihty are independent of the cuticle, for example, we may find 
that the differences are similar for extremes of tempeiatuie and lack 
of oxygen, on the one hand, and potassium cyanid or hydiochlonc acid 
on the other It is evident that with certain physical agents, such as 
extremes of temperature, the impel meabi'lity of a surface coveiing is 
not of importance 

In the investigation of susceptibility in eaily developmental stages 
It IS also generally possible to make use of the action of external agents 
on the rate of development as well as of then directly lethal or toxic 
action For example, the inhibiting or accelerating effect of different 
agents on different body legions may be determined and compared ^ 

These various ways of detei mining susceptibility aie all modi- 
fications of what has been called the direct method, because the 
susceptibility is directly determined by the lethal, toxic or other action 


2 References 2, 3, 14 and 19 
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of different organs to certain agents are probably due to the fact 
that the different organs are actually subjected to widely different 
concentrations 

A distinction is often made between agents which affect only or 
chiefly certain organs or complexes, and the general protoplasmic 
poisons, such as the cyanids, the stronger acids, formaldehyd, phenol, 
salts of mercury and copper, etc Many such agents are used as 
antiseptics This distinction appears, however, to be chiefly, if not 
wholly, one of degree rather than of kind , for, so far as we know, any 
physical or chemical agent which acts on living protoplasm will become 
in sufficient concentration or intensity and with sufficient time a general 
protoplasmic poison, although the susceptibility to it of different species 
of organisms and of different organs may diffei widely 

Without questioning the existence of the significance of specificities 
in susceptibility to external agents, paiticularly in the higher animals 
and man, it is my purpose to call attention to another aspect of the 
susceptibility problem which has become evident in the course of about 
twenty years of physiologic work on the lower invertebrates and on 
early developmental stages of both invertebrates and vertebrates In 
these forms and stages we find a general and highly uniform relation 
m different individuals of the species and in different regions of the 
individual between susceptibility to many, perhaps to all, external agents 
in a certain range of concentration or intensity, and quantitative factors 
in physiologic or metabolic condition Although this essentially quanti- 
tative relation between susceptibility and physiologic condition ma} 
undergo extensive modification in the course of development, particu- 
larly in the higher animals and man, it apparently constitutes the 
general physiologic foundation on which the more or less specific, or 
apparently specific, susceptibilities of the more highly specialized organs 
and parts develop 

I shall attempt to bring together in the form of a brief survey with 
references the more important facts and conclusions from this field of 
general physiology 

CRITERIA OF SUSCEPTIBILITY AND METHODS OF INVESTIGATION 

With a certain range of concentration or intensity, susceptibility can 
be determined by survival time in many organisms At all stages m 
many of the simpler organisms and in the earlier stages of development, 
even of the vertebrates, the occurrence of death through the action of 
a certain range of concentration or intensity of a large number of 
agents is closely associated with cellular disintegration or cytolysis ^ 
Differences in susceptibility are indicated by differences in the time at 

1 References 4, 6, 8, 11, 13, 19, 22, 32, 33, 35, 45, 51 and 52 :n the literature 
cited 
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activity or its rate of growth and de\ elopment are more inhibited than 
those of otheis in somewhat lowei concentrations, the different lines 
of evidence sene to confirm each other But the chief interest of the 
susceptibility method for general physiolog} is the wide field within 
which the regional differences in susceptibility within the individual 
and the individual differences vithin the species aie nonspecific, or 
specific onh to a slight degree, for paiticulai agents The factors 
concerned in these diffeiences are discussed in the following sections 

EXPERIMENTAL D VTA AND CONCLUSIONS 

The geneial susceptibility lelations have been studied in several 
hundred species of animals and plants Stated biiefly, the geneial con- 
clusions are as follows To a certain range of concentiation or 
intensity of action of agent above the limit of acclimation and eithei 
lethal in the course of a few hours, or producing iireveisible changes 
wdien exposure is continuous oi changes onh slowly reversible vvdien 
exposure is temporary, susceptibilit} varies in general directly with, 
though not necessaiil) proportional h to, the rate of oxidativ’^e metabo- 
lism To certain lower ranges of concentration oi intensit} of action 
the ability to acclimate oi acquire tolerance vanes m general directlv 
with, though not proportionally to, the rate of oxidative metabolism 
And finally, the ability to recover after temporary exposure to a ceitam 
range of concentration or intensity shows the same i elation to oxidative 
metabolism 

In ceitam cases it has been possible to check the data on suscepti- 
bility b}'' direct determination oi colorimetiic estimation of lespiratoi}'’ 
exchange of different body regions and individuals In man)' othei 
cases an indirect check has been obtained by compaiison between 
susceptibility to potassium cyaiiid and the effect of this agent on 
oxygen consumption " Regional and individual differences m i ate and 
amount of reduction of potassium permanganate by protoplasm afford 
another check,® the mdophenol leaction has proved useful in certain 
cases,” and differences m electiic potential constitute at least an indi- 
cator of differences m physiologic condition In addition to these 
experimental methods, differences in rate of growth and development 
and of protoplasmic structure often serv^e as further mdicatois of 
difference m physiologic condition So far as facts are at hand, the 
evidence from all these diffeient lines agrees for the earlier dev^elop- 

7 References 1, 7, 9 Chap III to VIII, 23, 24, 34, 37, 3S, 39, 40, 41 42 

44, 46 and 47 ’ 

8 References 21 and 29 

9 Reference 8 

10 References 43 and 48 

11 Reference 10, Chap III 
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of the agent ^ The range of concentration or intensity available for 
this method lies between that which is immediately lethal for all parts 
or individuals concerned and that which permits the acquirement of 
tolerance by some regions or individuals 

But susceptibility can also be determined indirectly, that is, by 
determining the ability to acclimate^ or acquire tolerance to a certain 
low range of concentrations or intensities, not lethal within a short 
time, and by the ability to recovei after temporary exposure to a 
nonlethal range In mature forms such acclimation or recovery may 
be indicated by continuation of life, resumption of motor activity, 
increase in respiratory exchange after an initial decrease, or by other 
physiologic criteria In early developmental stages it may also be 
indicated by inciease in rate of growth or differentiation after an 
initial inhibition ° This method of investigating susceptibility through 
the ability to acclimate to, or to recover from, the action of an agent 
has been called the indirect method ® 

To obtain adequate knowledge of the susceptibility of a particular 
organism to a particular agent in relation to physiologic condition it is 
necessary to work with a wide range of concentrations or intensities 
from those which are rapidly lethal to those which peimit rapid 
acclimation or recovery by the most susceptible individuals or parts 
concerned Moreover, some agents have diffeient lethal or toxic 
actions in different concentrations For example, mercuric chlorid in 
high concentrations “fixes” protoplasm, while in low concentration it 
disintegrates many protoplasms, and in still lower concentration it 
permits continuation of life and acclimation Also the range of con- 
centrations producing each of these effects differs m a definite way 
with differences in physiologic condition for different body regions of 
the individual and different individuals of the species In a study of 
susceptibility of developmental stages of the frog to mercuric chlorid, 
it was found necessary to use concentrations ranging from %,ooo 
to ^ojOOOjOoo molar 

These various modifications of the direct and indirect methods of 
determining susceptibility make possible various checks on the results 
of any one of them If, for example, a certain body region is killed 
earlier than others m a high concentration and its motor or respiratory 

3 References 1, 2, 4, 6, 7, 8, 9, 11, 13, 14, 15. 16, 19, 22, 25, 32, 33, 35, 45, 
51 and 52 

4 The terms “acclimate” and “acclimation” are used here in the general 
biologic sense denoting adjustment or equilibration to an environment Accli- 
mation, as the term is used in this paper, is essentially the same as acquire- 
ment of tolerance except that in the work with the simpler organisms the 
agent is usually added directlj^ to the normal environmental medium 

5 References 14 and 19 

6 References 4, 7, 9 Chap III, and 14 
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the species the difteiences in susceptibility^ depend in geneial piimaiily 
on quantitative difteiences in physiologic condition and only secondaiily 
on the specific difiterences in the constitution of difteient organs and 
parts arising in the course of development 

THE PRIMARY REGIONAL AND INDIVIDUAL DIFFERENCES 
IN SUSCEPTIBILITY 

In geneial, the earliest stages of development following feitihzation 
aie peiiods of acceleiation of oxidative metabolism, as has been shown 
by Waibuig, Loeb Meyeihof and olheis, but eaily m the development 
a maximum is leached, and from this time on the rate of oxidative 
metabolism shows, on the whole, a deciease with the fuithei pi ogress 
of de\elopment and the advance of physiologic age The changes 
dining development in susceptibility and the capacity for acclimation 
and recoien parallel in general these changes in metabolic late 
In the development of many forms, howevei, the decrease m late 
of oxidative metabolism is not uniform and continuous, but is intei- 
lupted by periods of inciease in late at certain stages of development 
These periods of increase aie determined by various factois, foi 
example, the appeal ance of motor activity, rapid giowth of ceitain 
parts, some foims of larval metamoi phosis, sexual matin ity oi breed- 
ing periods and vaiious other functional factors In the simpler 
oiganisms these changes are paralleled by coriespondmg changes in 
susceptibility, except so fai as the geneial susceptibility lelations are 
complicated and alteied by the appearance of moie oi less specific 
susceptibilities of particular oigans to particulai agents 

In the flatwoim, Planana, and in various other animals which do 
not die after a short period of staivation but live on then tissues and 
decrease in size, an increase in late of respiratoiy exchange occuis in 
the more advanced stages of staivation Susceptibility likewise 
increases, and aftei feeding is lesumed the susceptibility and late of 
lespiiation aie equal to, oi somewhat highei than, a gi owing well 
fed animal of the same size as the animal i educed by starvation’-'^ 
Similarly, the leorganization of an isolated piece of Planana and 
others of the simpler animals into a new complete individual, and 
many, if not all of the processes of asexual lepioduction, aie accom- 
panied by an inciease in late of respiiatory exchange and an inciease 
in susceptibility In shoit, susceptibility gives a longh compaiative 
measure of physiologic age and indicates the occuiience of lejuven- 

14 References 7, 9, Chap IV, V, Vl and XV, 20, 39, 40 and SO 

15 References 7, 9 Chap VII, 24, 38 and 42 

16 References 9 Chap V and VI, and 39 
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mental stages m general and for most of the simpler organisms, both 
animal and plant, throughout life Exceptions and discrepancies ha^e 
been shown in so many cases to be secondary lesults of the progress 
of differentiation and to be absent m the earlier developmental stages 
that we are justified in believing that for the protoplasm of a par- 
ticular species the regional and individual difteiences m susceptibility 
depend primarily on quantitative factors in the protoplasm, and that 
the more or less specific relations between particular organs and par- 
ticular agents which are characteristic of the higher animals and of 
man are secondary results of differentiation 

The following agents have been used tlius far in work on sus- 
ceptibility potassium cyanid , various anesthetics including ethyl alcohol, 
ether, chloroform, choloretone, ethyl urethane, phenyl urethane, Itydro- 
chloric acid, sulphuiic acid, acetic acid, sodium hydroxid, ammonium 
hydroxid, lithium chlorid, mercuric chlorid, copper sulphate, magnesium 
sulphate and many other electrolytes, the alkaloids caffem and strychnin, 
the 'Vital” dyes neutral red and methylene blue, hypotonic sea uater 
for marine forms and distilled water for fresh water forms , the nega- 
tive condition, lack of oxygen, extremes of temperature and light 
By no means all of these agents have been used on every form 
examined, but in practically all cases several of them have been used 
Potassium cj anid and ammonium hydroxid have been extensively used , 
first, because their high toxicity makes it possible to work with very 
low concentrations, second, because the death changes produced by 
these agents in most protoplasms involve a disintegiation of the cells 
which IS readily observed, and thud, in the case of potassium cyanid, 
because its inhibitory action on respiration and protoplasmic oxidation 
gives the differences in susceptibility to cyanid an additional value as 
evidence of differences in oxidative rate 

It IS scarcely necessary to say that for different species the concen- 
trations or intensities and the time necessar}'^ for a particular effect 
differ nidely The protoplasm of each species has its own range of 
susceptibility and limits of acclimation and recover}'’ and the order of 
effectiveness of different agents is not necessarily exactly the same for 
different species That is to say, the susceptibility of each species- 
protoplasm, and perhaps to some degree that of each variety, race or 
pure line, is more or less specific, but the evidence indicates that withm 

12 Experiments w ith ultraviolet light and with light of the visible spectrum 
after sensitization of the organisms made at the Nela Research Laboratories 
by Dr Mane Hinnchs under the direction of Dr R S Lillie show the same 
general differences in susceptibility to light as to other agents Through the 
kindness of the Nela Laboratories and Dr Hinnchs I am permitted to mention 
here this unpublished work 

13 Reterences 23, 34, 37, 41 and 44 
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groups, physiologic polaiity has been found without exception to be 
represented by sucli a gradient in susceptibility to many different 
ag-ents So far as eMdence is at hand, the same is true for axes of 
ladial and bilateral s\mmetiy and for axes of paiticular organs 

The question of the origin of such gradients cannot be consideied at 
length heie, but it may be noted that a laige amount of experimental 
evidence, as well as the facts of de\elopment, show that in the final 
analysis the giadients arise through exposure of the piotoplasm con- 
cerned to a quantitative difteiential in environmental conditions^® 
Such diflereatials may be either mtia-orgamsmic or external By vari- 
ous expeiimental methods it is possible to establish new gradients m 
many cases and so to determine new axes of polaiity and symmetiy 

In consequence of the difteiential susceptibility along an axis it is 
possible to alter experimentally the slope of the giadient and even to 
obliterate it In this wa} the couise of develojMnent as legards polarity 
and S 3 mmetr} can be modified and controlled, and these axes can be 
completely obliterated so that the oiganism becomes apolar or even 
anaxiate The idence foi nature, oi igm and modification of these 
axial physiologic giadients is given in the refeiences cited in Foot- 
note 17 

Since the eaily stages of development of the sea urchin and of 
closel} related forms ha\e served as mateiial for considerable work 
on susceptibiht} , a brief statement of the more impoitant results 
attained vill sene to show what can be accomplished by means of the 
susceptibility methods In the unfeitilized egg and the cleavage stages 
a gradient in susceptibiht} is present, although the absence of visible 
landmarks in some stages makes it impossible to demonstiate com- 
pletel}’’ that the gradient always repiesents the polar axis But fiom 
the elongated blastula stage on theie is no difficulty The elongated 
blastula is an ovoid foim consisting of a single layei of cells surround- 
ing an internal cavity, the wall being slightly thickei at the basal than 
at the apical end This minute laiva swims by means of cilia, with 
the apical end in advance The difteiential susceptibility of this 
blastula stage, as well as that of other stages, has been studied by 
means of the following agents in concentrations empiiically detei- 
mined Potassium cyanid, ethyl alcohol, hydrochloric acid, acetic acid, 
potassium permanganate, sodium hydroxid, mercuric chlorid, copper 
sulphate, hypotonic sea watei, neutral red and crowding (lack of 
oxygen or accumulation of carbon dioxid) In a certain lange of 
concentiation of all these agents the toxic action, as indicated by 
cytolytic change or disintegration of the cells, occurs first at the apical 


18 Reference 27, Chap III 

19 Reference 14 
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escence in early embryonic development in starvation, m reconstitution 
and in asexual reproduction as clearly as does the rate of respiratory 
exchange 

Within the individual the differences in susceptibility serve pri- 
marily as indicators of the chief physiologic axes The evidence from 
susceptibility, checked and confirmed by experimental data on respira- 
tory exchange, reduction of potassium permanganate, electric potential 
differences and by observational data on rate of cell division, differentia- 
tion and gi owth, indicates that a physiologic axis is primarily a gradient 
in rate of the fundamental metabolic reactions concerned in living, 
with which are associated corresponding gradients in aggregate condi- 
tion of the protoplasm, permeability of membranes and probably also 
gradients in water content and various other factors in protoplasmic 
condition In the work on susceptibility these gradients are indicated, 
either diiectly by disintegration or other changes associated with toxic 
action of the agent, or indirectly by differences along an axis in ability 
to acclimate to or recover from the toxic action A brief survey of 
the data concerning the polar axis will serve as an illustration of results 
obtained with the susceptibility method All except perhaps some of the 
simplest organisms possess what is called physiologic polarity , that is, 
organs develop and are arranged in a definite order with reference 
to a line which we call the polar axis One end of this axis becomes 
the apical end, or in bilateral animals, the head, the other the basal oi 
posterior end This polar axis appears primarily as a quantitative 
gradient in physiologic condition as indicated by differences in rate of 
respiratory exchange, reduction of potassium permanganate, electric 
potential differences and susceptibility In this gradient, susceptibility 
to higher concentrations and intensities and capacity for acclimation 
to and recovery from action of lower concentrations and intensities 
IS greatest at that end of the gradient or axis from which the apical 
end or head of the organism arises and decreases posteriorly Here also 
the results of the susceptibility method parallel those obtained by other 
methods in indicating that the high end of the gradient, that is, the 
region of highest physiologic activity, becomes apical or anterior and 
that other organs along the axis are localized at particular levels of 
the gradient During the course of development this simple primary 
gradient may undergo modification and complication through the appear- 
ance of new gradients as particular organs and parts develop, and m 
some cases the pnmar)'^ polar gradient may even disappear and be 
replaced by others Nevertheless, among several hundred species of 
animals and plants, including representatives of all the great animal 

17 References 2 3, 4, 5, 6, 8 9 Chap IX, 10, 11, 13, 14, 15, 16, 17, 18, 19, 
21, 22 25, 26 27, 28 29, 30, 31, 32 33, 35 36, 43, 45, 46, 48, 49, 51 and 52 
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Work on modification of reconstitution in planaiians,-^ on devel- 
opmental modification m amphibia by Bellamy and unpublished woik 
on fishes by Mr J N Gowanloch, as well as data on many other 
species, show that the dififeiences in susceptibility aie primarily similai 
m their relations to the chief body axes in veiy different oiganisms, 
both animals and plants, for ceitain ranges of concentration oi intensity 
of all agents thus fai used 

THE PHYSIOLOGIC BASIS OF GENERAL SUSCEPTIBILITY 

The expel imental data piesenled above may seem at fiist glance 
to be in direct conflict with the data from mammalian and human 
physiolog} and pharmacolog}^, but it is my pm pose to show that this 
IS not the case 

In the fiist place, it is of course evident that external agents do 
not all act on living piotoplasms in the same way While our knowledge 
of the physicochemical changes concerned in the toxic or lethal action 
of an}’’ agent is far from complete, it is evident that diffeient agents 
pioduce their effects in diffeient ways The action of acids and alkalis 
of high and low exti ernes of temperatuie, of lack of oxygen and of 
accumulation of carbon dioxid cannot be identical Again, the action 
of a heavy metal salt, such as merctiiic chlorid, of various anesthetics, 
such as ether, chloroform, etc , of “stimulating” alkaloids, such as 
caffein, and of vital dyes, such as neiitial red, must diffei in many 
lespects Some agents may affect piimanl) the aggregate condition 
of the colloids, others the natuie, concenti ation or balance of ions 
Still others probably act pnmai ily in one way or another on the lipoids , 
the action of some is chiefly osmotic, some may combine chemically 
with certain constituents of the piotoplasm oi enter into the chemical 
reactions of metabolism, and so on Moieover, a paiticulai agent 
may act differently on the piotoplasms of diffeient species oi of 
different, highly specialized organs according to then constitution 

If we admit, as we must, these diffeient possibilities of action, it 
IS at once evident that the geneial susceptibility relations described m 
the preceding sections are quite independent of the specific character 
of the action of a particular agent Moreovei, the nonspecific char- 
acter of the axial and regional differences m susceptibility within the 
individual and the individual diffeiences within the species or lace 
indicate that they depend primarily, not on the natuie of the action 
of the \arious agents, but on some quantitative factor m the oiganism 
Itself 


21 References 4 , 12 and 28 
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end and progi esses basipetally In somewhat later stages, as bilateral- 
ity develops, the basipetal progress of death is most rapid along that 
meridian which later becomes the anterior end of the larva The 
method serves further not only to demonstiate the existence of the 
axial gradients, but also in many cases to pick out regions of rapid 
growth as they arise in development In the more advanced stages, 
howevei, the possibility of modification of the primary quantitative 
relations by the appearance of specific susceptibilities exists, although 
It is practically excluded when similar results are obtained with a large 
number of dififerent agents Motor activity increases and quiescence 
decreases susceptibility These data on the sea urchin have been 
published only in part 

But instead of using the agents to kill, we may also investigate sea 
urchin susceptibility by subjecting early developmental stages to some- 
what lower concentrations of agents, or for certain periods of time, 
and observing the modifications of development which occur I have 
performed experiments of this kind with all the agents mentioned 
above and Dr J W MacArthur has performed such experiments 
with a large numbei of electrolytes, and in all cases it has been found 
that with certain ranges of concentration the development of the apical 
region is more inhibited than that of the basal legion, and in later 
stages that of the median anterior region more than that of posterior 
and lateral regions The most inhibited regions are smaller as com- 
paied with the normal than those less inhibited, or with the more 
extreme degrees of inhibition may fail entirely to develop With 
concentrations permitting acclimation or recovery after temporary 
exposure, the apical and median anterior regions acclimate or recover 
more rapidly or more completely and so become relatively larger — as 
compared with the normal — than basal, posterior and lateial regions 
By means of certain ‘‘stimulating” or accelerating agents m certain 
concentrations or intensities, for example, caffem (Hinnchs), a dif- 
ferential acceleration of development can be produced In such cases 
apical and median anterior regions are more accelerated and relatively 
larger than basal, posterior and lateial regions In these various ways 
modifications of form m two opposite directions and essentially similar 
111 character for all the agents used can be obtained The more extreme 
differential mliibitions are so different from the differential acclimations, 
recoveries and accelerations that they would not be recognized as 
belonging to the same species were their origins not known W ith 
a sufficient degree of differential inhibition bilaterality is obliterated or 
prevented from arising, and with a still greater degree polarity is also 
obliterated 
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may be a factor m susceptibility to the diiect toxic or lethal action of 
certain agents, it is evident that the nonspecific aspects of susceptibility 
in geneial cannot be accounted for in terms of peinieability alone 

It has been stated above that the data at hand indicate a parallelism 
between susceptibility to toxic action and capacity for acclimation and 
recoiei)'^ on the one hand and late of oxidatne metabolism on the 
other Even if this be granted, it is evident that the oxidation- 
reduction leactions cannot be duectly lesponsible for the paiallel 
differences in susceptibility to so many different agents and conditions 
acting in so many diffeient ways 

Where, then, shall we look foi the physiologic basis of these geneial, 
nonspecific aspects of susceptibiht)^ ^ In view of all the facts, the only 
possible conclusion seems to be that the basis is to be found in a 
general relation between dynamic s} stems and external agents oi con- 
ditions which produce distuibance or alteiation of such systems This 
general i elation, which holds foi nonliving as well as foi living 
s} stems, ma} be stated for our purposes in the following teims To 
disturbances producing in an} manner alteiation beyond the limits of 
equihbiation or tolerance of the system and Iheiefoie leading to dis- 
luption or other irreveisible change within a measuiable peiiod of 
time, the susceptibility must Aai} duectly with, though not necessaiily 
proportionally to, the lale of the changes charactei istic of the system 
On the other hand, to disluibances within the limits of equihbiation, 
acclimation or tolerance, or to those producing changes which are 
reversible after the distuibance ceases to act, the ability of the system 
to equilibiate, acclimate or acquiie toleiance must also vaiy directly 
with, though not necessarily pioportionally to, the late of actnity 
within the s}stem The facts presented above foice us to the conclu- 
sion that the susceptibility of living piotoplasmic systems to certain 
degrees of external disturbance of at least many, if not of all, soits 
IS merely a special case of this general i elation between d}namic 
systems and external disturbances 

On this basis the nonspecific character of the differences m sus- 
ceptibility with respect to different agents receives a simple physico- 
chemical interpretation No matter in what particular way the agent 
acts, if the degree of action is adequate to produce death oi irreversible 
change in a measurable period of time, the more active region or 
individual must be more susceptible, and if its action is within the 
limits of acclimation, tolerance or recovery, all of which are processes 
of dynamic equilibration, the more active legion oi individual will 
acclimate or recover moie rapidly or more completely than the less 
active 

The parallelism between susceptibility, acclimation and recovery 
and rate of oxidative metabolism observed or indicated in cases thus 
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In the light of present knowledge concerning permeability of proto- 
plasmic membranes the possibility that differences in permeability may 
be responsible for at least some of the nonspecific differences in sus- 
ceptibility at once suggests itself As a matter of fact, axial, regional 
and individual differences m peimeabihty to many agents undoubtedly 
exist Gradients m penetration of vital dyes corresponding to the 
susceptibility gradients have been shown to exist in many forms, 
and there are indications that similar penetration gradients for many 
other substances occur But when we considei the data of suscepti- 
bility it IS evident that differences in permeabilitj will not account for 
all the facts as they stand Even if we admit that the regions repre- 
senting the higher levels of the axial gradients of susceptibility are 
in general moie permeable than those repiesenting the lower levels, 
there can still be no doubt that other factors than permeability are of 
fundamental importance in determining tbe susceptibilit}' relations In 
the first place, these relations are essentially similar in different organ- 
isms, both for agents such as vital dyes, which readily penetrate living 
protoplasmic membranes and exert their toxic action by accumulating 
within the cells, and for agents such as mercuric chlorid, which do 
not penetrate m appreciable quantities without killing or altering the 
membranes and their permeability Moreover, the permeability of 
living membranes depends on the fact that they are alive, and living 
systems are dynamic, not static, that is, they are systems in which 
physicochemical changes are going on in or with approach to dynamic 
equihbiium Therefore the permeability of living membranes must 
itself be in some measure an expression of the physicochemical activi- 
ties, of the dynamic equilibrium or equilibration processes in the 
membianes Consequently differences in permeability are generally 
associated with differences m rate of activity of living systems 

In the case of susceptibility to ceitain agents or conditions, how- 
ever, permeability is not directly concerned For example, the differ- 
ences in susceptibility to lack of oxygen and to extremes of temperature 
can scarcely be regarded as due primarily to differences in permeability, 
yet they are in general similar to those observed with chemical agents 
And finally, capacity for acclimation cannot be accounted foi in terms 
of permeability, for the regions and individuals that are more sus- 
ceptible to the more extreme degrees of action of the agents show 
greater capacity for acclimation to the less extreme degrees of action 
If such regions or individuals are more permeable to the agents 
concerned, acclimation must occur, not because of, but in spite of, 
their higher permeability In short, while differences in permeability 
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cell To a sufficient degiee of distuibance, therefoie, we may expect 
to find it more susceptible than other cells of the body, and it should 
also possess gi eater ability to acclimate to oi to lecovei from less 
extreme distuibances Its high susceptibility to the action of radium 
may be, theiefoie, largely or wholly nonspecific and meiely anothei 
special case undei the geneial law 

In conclusion, ope point must be emphasized, namely, that theie 
is no necessary conflict between what has heie been called the geneial 
law of susceptibility and the existence of specific relations between 
paiticulai protoplasms, whethei species oi organs, and paiticulai exter- 
nal agents The susceptibility of each species to external distuibances 
IS iindoubtedh' m some measuie specific, as is the susceptibility of any 
othci d}namic system, but within the species the geneial law of sus- 
ceptibiht} holds except as lelations may be modified by specialization 
As species undei go specialization m the coiiise of evolution, the suscep- 
tibilities of then piotoplasms undoubtedly become moie highl} specific 
Similarly, as organs undei go specialization in development, their sus- 
ceptibilities undoubtedly attain a highei specificity The geneial law of 
susceptibility concerns only one aspect, the nonspecific aspect of the 
relations between d}namic systems and external disturbances So fai 
as difterent kinds of systems exist m the difl'eient legions or oigans of 
an oiganism, so fai the ])ossibihty of specific diffeiences m susceptibility 
exists But within each pai ticulai kind of system the general law may 
still hold. Its \alidity being again limited by specialization of the vaiious 
paits of such a system into systems of paiticulai kinds 

SUMMARY 

1 Evidence is piesenled m suppoit of the conclusion that the 
susceptibility to action of external agents of the living piotoplasms 
of diffeient individuals of a species and of different regions of the 
individual depends pnmaiily on quantitative diffeiences in the indi- 
viduals 01 regions concerned and that late of oxidative metabolism is 
m some degiee a measure of these diffeiences The evidence at hand 
indicates that susceptibility and capacity for acclimation and lecovery 
vary m general diiectly with, though not necessarily proportionally to, 
the rate of oxidative metabolism 

2 This general law of susceptibility does not depend on the pai- 
ticulai charactei of the action of a paiticular agent, but is a special 
case of the relation between dynamic systems and external distuibances 
It has been shown to hold foi the simplei oiganisms and foi the carhei 
stages of development and does not exclude the possibility that the 
susceptibilities of different species protoplasms and of diffeient special- 
ized organs, paiticulaily in the moie highly diffeientiated foi ms, are 
specific 
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fai examined does not necessarily mean that the external disturbing 
factor acts directly on the oxidation-reduction reactions It -merely 
means at most that the rate of these reactions is to some degree a 
measure of the activity of at least the less highly specialized proto- 
plasmic systems, and it is primarily with such systems that we are 
concerned 

To what extent the apparently specific susceptibilities of particular 
organs to particular agents in the more highly specialized organisms 
and stages of development will be resolved by further expenmental 
investigation into special cases of this general law of susceptibility, it 
IS, of course, impossible to predict Without considering details, it 
may be pointed out that various data indicate a higher susceptibility 
of the more anterior levels of the central nervous system to various 
agents, even in man and mammals , and in various axiate organs, such 
as the heart, there is also evidence of a gradient of susceptibility similar 
to that in the axes of simpler organisms A particular organ or organ 
complex may have a specific protoplasmic constitution, but so do the 
protoplasms of different species, and the general law of susceptibility 
may apply within the specific organ in much the same way as within 
the species On the other hand, it is by no means necessarily true, 
either for different species or for different organs, that the differences 
in susceptibility parallel the differences in rate of oxidative metabolism 
of their protoplasmic systems 

It must also be borne in mind that the simple axial gradients of 
earlier developmental stages may undergo many modifications or may 
even disappear in the course of development of the higher animals 
In consequence of such modifications even the general nonspecific 
susceptibilities of different regions or parts may be very different in 
the mature animal from those in the early stages of development 
Moreo^ er, the occurrence of such modifications can be determined only 
b} extensive experimental investigation of the various developmental 
stages 

The higher general susceptibility and the gi eater ability to acclimate 
and recover of the young as compared with the old organism are 
sufficiently evident in man and the mammals, and are taken into 
consideration in the administration of drugs in medical practice Here 
the general parallelism between susceptibility, tolerance and recovery 
on the one hand, and late of oxidative metabolism on the other, exists 
to some extent as in the simpler organisms 

It ma)'- be suggested also that the general law of susceptibility holds 
to some extent with respect to roentgen rays and radium, and particu- 
larly as regards the difference in susceptibility of the cancer cell and 
the other cells of the body The cancer cell is an extremely active cell, 
being in this respect comparable to a physiologically young or embryonic 
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Gastric and duodenal ulcer are frequentl} discussed under the 
heading of “peptic” ulcer, and there is no doubt that many of their 
hypothetical etiologic factors and clinical manifestations bring them into 
close relationship The use of this general term, ho^^e^er, is by no 
means always advisable and leads to deductions that are not only con- 
fusing but erroneous Statistics have been published under such a 
heading concerning the variations in the secretor} and motoi activities 
of the stomach, no attempt being made to discriminate between the two 
t}pes of ulcer Information thus obtained is valueless, for m these 
respects gastric and duodenal ulcers are markedly dissimilar There is 
much eMdence to support Hursts^ \iew that the motor activities of 
the stomach differ in the two conditions 

Since the introduction and widespread adoption of the fi actional 
method of anal) sis of the gastnc contents, it has become necessary to 
modif} and eien to abandon mam of our former beliefs regarding the 
alterations m acidity in gastric and duodenal ulcer This method, 
despite its present limitations and inaccuracies, supplies far more com- 
plete and reliable information than w'as obtained b} means of the “one 
hour” test meal 

It w^as the general opinion that both tjpes of ulcer were most fre- 
quent!} associated wuth a hyperacidity Unquestionabl} , symptoms 
regarded as characteristic of this secietory disturbance were present m 
the majority of these cases, but the fact, as yet insufficiently appreciated, 
that these so-called s}mptoms of h} peracidit} , including the immediate 
relief of abdominal distress obtained by taking alkalis, may occur in the 
complete and continued absence of free h}drochlonc acid in the gastric 
contents, compels reconsideration of such a view' 

Hurst," in 1911, introduced 4 ounces (125 gm ) of 0 5 per cent 
h}'drochloric acid into the empty stomachs of six patients wuth proved 
gastric ulcers wuthout producing any sensation Bolton, " in 1913, 
stated that the pain of gastric ulcer did not bear any relation to the 
degree of acidity of the gastric contents, and might be relieved by food 
W'hether the acidity was normal or increased, and Carlson,"^ in 1918, 

1 Hurst, A F New Views on Pathology, Diagnosis and Treatment of 
Gastric and Duodenal Ulcer, Brit M J 1 559 (April 24) 1920 

2 Hurst, A F The Sensibility of the Alimentary Canal, London, 1911 

3 Bolton, C Ulcer of the Stomach, London, 1913 

4 Carlson, A J Origin of Epigastric Pams m Cases of Gastric and Duo- 
denal Ulcer, Am J Physiol 45 81 (Dec ) 1917 
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“Achloihydna” denotes no fiee hydrochloric acid piesent at any 
stage before oi dining digestion, using dimethylamidoazobenzol and 
Congo red as indicatois “Hypochloiltydiia” denotes that the curve of 
fiee acid at no stage exceeded 0036 pei cent of hydrochloric acid 
It will be observed that 44 4 per cent of gastric ulcers and 25 per cent 
of duodenal ulcers had either diminished or absent fiee hydiochloric 
acid A recent series of Moynihan’s,’-® similarly classified, showed cor- 
responding percentages of 47 2 and 22 4 Four (14 8 per cent ) of the 
gastric ulcei cases and one (15 pei cent ) case of duodenal ulcer had 
complete achloihydria, Moynihan’s coiiespondmg peicentages being 
13 1 and 5 5 

Crispin, in 1916, from the Mayo Clinic, lecoided eleven cases of 
duodenal ulcer with achlorhydria They weie all pioved by operation, 
but only a single one-houi examination of the gastric contents was 
made Furthermore one case was associated with an empyema of the 

Cases of Gastric and Duodenal Ulcei Classified Accoiding to Then "Acid Cinves” 
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gallbladder and three with gastric ulcers , these should be disregarded, 
for gallbladder disease itself is frequently associated with achlorhydria, 
as Crispin himself observes, and gastric ulcei more commonly than 
duodenal ulcer The i emainmg six cases represent less than 1 pei cent, 
of the total number of duodenal ulcers demonstrated at operation, 
Horner cases of gastiic ulcer and fifteen of duodenal ulcei, 

proved at operation, found no case of anacidity, but this is a small 
series Hardt refers to a case of gastric ulcei with “typical” symp- 
toms, m which lepeated gastric analyses failed to find any free hydro- 
chloric acid He does not state, howe^ er, whethei the ulcer was pi oved 
to exist Hunter examined twenty cases of ulcei of the body of the 

10 Moynihan, B Problems of Gastric and Duodenal Ulcer, Brit M J 

1 221 (Feb 10) 1923 

11 Crispin, E L Duodenal Ulcer, Interstate M J 23 215 (March) 1916 

12 Horner, C P Fractional Test Meal, J A M A 69 1931 (Dec 8) 1917 

13 Hardt, L L T Studies of Cause of Pam in Gastric and Duodenal 

Ulcers, Peristalsis as Direct Cause of Pain in Gastric Ulcers with Achylia and 
in Duodenal Ulcers, Arch Int Med 29 684 (May) 1922 

14 Hunter, D Fractional Test Meal m Study of Disorders of Gastro- 
intestinal Tract (Analysis of 174 Verified Cases), Quart J Med 16 95 (Jan) 
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confirmed this fact by investigations on a human subject Moynihan 
records his difficulty in convincing clinicians when “hyperacidity” or 
“acid dyspepsia” were such popular diagnoses that many of these cases 
were in fact cases of duodenal ulcer He realized that many cases of 
duodenal ulcers occurred with diminished or normal stomach acidities 
Gibson,® in 1911, showed in a series of proved cases that the acidity 
varied within wide limits 

In most instances, it is impossible to predict with any degree of 
certainty the state of the gastric acidity from a consideration of the 
symptoms alone The results obtained by fractional gastric analysis 
have demonstrated that whereas duodenal ulcer is most frequently 
associated with an increased acidity, it is not uncommon to find low 
or normal acidities, thus confirming the views expressed by Moynihan 
and Gibson many years ago Ascoli states that hydrochloric acid 
may or may not be in excess in cases of duodenal ulcer, and if in excess 
the ulcers are usually recent Gastric ulcer, on the other hand, is 
usually found to have diminished or even absent acidity For this 
reason alone it is not always advisable to consider gastric and duodenal 
ulcer under the joint heading of peptic ulcer 

Cases are still recorded in which the actual presence of an ulcer is 
by no means certain A diagnosis on clinical grounds alone, without 
positive roentgen-ray findings or actual demonstration of the ulcer by 
operation or postmortem, is not sufficiently reliable This is especially 
true of gastnc ulcer in which accurate clinical diagnosis is one of the 
greatest difficulty and uncertainty The following series of gastnc and 
duodenal ulcers consists of cases in which the ulcer had been seen 
either by roentgen-ray examination or at the time of operation Of 
the twenty-seven cases of gastric ulcer, twenty-two had been demon- 
strated at operation and five seen as definite niches by roentgen-ray 
alone Of the forty cases of duodenal ulcer, thirty-seven were proved 
by operation and three were seen by roentgen ray as persistent deform- 
ities of the duodenal cap Adopting an arbitrary classification ® based 
on a comparison between the curves of free acidity with the zone which 
included the curves of 80 per cent of normal persons examined by 
Bennett and Ryle,® the results shown in Table 1 were obtained 

5 Moynihan, EGA Diagnosis and Treatment of Duodenal Ulcer 
Lancet 1 20 (Jan) 1910, Some Points in Diagnosis and Treatment of Chronic 
Duodenal Ulcer, ibid, 1 9 (Jan ) 1912 

6 Gibson, G A Duodenal Ulcer Discussion, Edinburgh M J 6 325 
(April) 1911 

7 Ascoh, V Ulcera duodenale, Riforma med 38 1093 (Nov 13) 192? 

8 Bell, J R Consecutive Series of Four Hundred and Twenty-Five 
Gastric Analyses by Fractional Method, Guy’s Hosp Rep 72 302 (July) 1922 

9 Bennett, T I , and Ryle, J A Study of Normal Gastric Function Based 
on Investigation of One Hundred Healthy Men by Means of Fractional Method 
of Gastric Anal} sis, Guy’s Hosp Rep 71 286 (July) 1921 
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to exist a dimmislied acidity is fai more common than an increased 
acidity” Such piovocative suggestions should stimulate the develop- 
ment of a more efficacious form of medical treatment of gastric ulcer 
Some clinicians admit that a small percentage of patients with 
gastric ulcer have achlorhydria, but they consider that such cases do 
not present the same clinical symptoms as the “typical” gastric ulcer 
So far as gastric ulcer has any typical symptoms, no such distinction 
can be drawn from a study of the cases heie recorded The first two 
cases described are repi esentative of all 

REPORT OF CASES 

Case 1 — W A , a man, aged 50, was admitted to the Leeds General 
Infirmary on Nov 30, 1922, complaining of pain in the epigastrium Until six 
• years before, he had been perfectly well and free from indigestion, then pain 
in the upper epigastrium began to occur about one and a half hours after meals, 
and was relieved by taking food or sodium bicarbonate It continued on and 
off for three months, and then disappeared completely for some weeks Further 
similar attacks followed, and gradually the pain became an almost daily occur- 
rence Six weeks before admission the pain became more severe and extended 
to both hjfpochondriac regions and through to the back , it was of a dull, aching 
character and usually accompanied by nausea Vomiting occurred on onlj 
three occasions with relief to the pain, the vomitus was sour tasting and burned 
his throat The pain never awakened him during the night He had always 
been very moderate in the use of alcohol and tobacco His appetite was 
unimpaired, but he had lost twelve pounds m weight in the past vear Alelcna 
was never noticed, and no hematcmcsis occurred 

Examtnaiwn — The patient was well nourished and had good color The 
teeth and gums showed moderate pyorrhea The upper part of the abdomen was 
rigid, and tenderness in the midepigastrium was present on deep palpation 
Roentgen-ray examination sho\ved a stomach of normal si7e with no delay 
m emptying A well marked persistent incisura \vas present high up near 
the esophageal opening, but there w'as no sign of a niche Fractional test meal 
showed complete achlorhydria with a total acidity not exceeding OOS per cent 
of hydrochrohe acid (Chart 1) Operation (Nov 24, 1922) There was a chronic 
gastric ulcer on the posterior surface of the stomach, adherent to the pancreas , 
otherwise nothing abnormal was observed Partial gastrectomy and gastro- 
jejunostomy were performed There was no evidence of malignancy on histo- 
logic examination 

Case 2 — A E H, a woman, aged 60, was admitted to the hospital on Dec 
1, 1922, complaining of attacks of pain m the epigastrium, which extended 
through to the back, for the last thirty-two years She had had no previous 
illnesses of significance The pain was frequently sharp and severe and came 
on about one hour after meals, but not regularly Intervals of complete free- 
dom from pain, usually lasting several weeks, alternated with the attacks 
Twenty-three years before she had a severe melena and fainted, after which 
she was free from pain for seven years Seven years ago she had had some 
gallstones removed, but the pain persisted There had been no loss of appetite, 
and her weight had not altered greatly Nausea accompanied the pam but 
not vomiting 

Examination — The patient had a fairly well nourished appearance Her 
teeth and gums were healthy There was no abdominal rigidity, but tenderness 
in the epigastrium and in a small area to the left of the tenth dorsal vertebra 
posteriorly was elicited A fractional test meal showed complete achlorhydria, 
with a total acidity not exceeding 0 077 per cent of hydrochloric acid (Chart 2) 
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stomach, all verified by operation or necropcy, by means of fractional 
gastric analysis He found three (15 per cent) had complete achlor- 
hydria None of fifteen cases of duodenal ulcer, similarly -verified, 
showed achlorhydria It would therefore appear that gastric ulcer is 
associated with achlorhydria m a proportion of cases by no means 
negligible and that achlorhydria may occasionally accompany duodenal 
ulcer 

The experimental work of Bolton ^ and others afforded support to 
the hypothesis that the healing of a gastric ulcer is retarded by hyper- 
acidity Bolton also found, however, m a series of nineteen guinea- 
pigs in which he had produced ulcers, that there was a diminution in 
the acidity in the early stages, and a return to normal when healing 
had commenced Hardt concludes from his work on dogs that “there 
IS no ‘hyperacidity’ in the gastric juice following the experimental pro- 
duction of gastric ulcers ” There is no justification for the assumption 
that hyperacidity is necessanly one of the factors in the production of 
gastric ulcer 

Modern medical treatment of peptic ulcers seeks to achieve a cure 
by (1) neutralizing the acidity of the stomach contents as continuous!)’ 
as possible, and (2) administering a physically nonirntating and chem- 
ically non-acid-provoking diet These principles are applied indiscnm- 
inately to both gastric and duodenal ulcer Complete and rapid relief of 
pain (more rapid and effectual in the case of duodenal than of gastric 
ulcer) almost invariably results, but that this is due to the neutraliz- 
ing effect of the alkali is by no means certain At present, no method 
of medical treatment gives more satisfactory results when efficiently 
employed, although it is not always rational Hardt and Rivers 
directed attention to the harmful effects which may occasionally arise 
during intensive alkaline therapy, owing to the production of an 
alkalosis, and many clinicians have had similar experiences If an • 
achloihydna is originally present, the danger of alkalosis resulting is 
all the greater, and neutralization by alkali is entirely hrrational 
Smithies puts forward the view that “when peptic ulcer exists, it is 
a matter of serious question whether the introduction into the stomach 
of sufficient alkali to neutralize hydrochloric acid is not injurious rather 
than beneficial,” and Moyrnhanio pertinently asks “whether an ‘acid’ 
treatment of gastric ulcer would not be more rational than an ‘alkaline’ 
treatment because ‘in cases in which a gastric ulcer has been proved 

15 Hardt, L L J Secretion of Gastric Juice in Cases of Gastric and 
Duodenal Ulcers, Am J Physiol 40 314 (April) 1916 

16 Hardt, L L , and Rivers, A B Toxic Manifestations Following Alkaline 
Treatment of Peptic Ulcer, Arch Int Med 31 I7l (Feb ) 1923 

17 Smithies, F Significance of Etiologic Factors m Treatment of Peptic 
Ulcer, J A M A 74 1555 (June 5) 1920 
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Chart 1 — Results of fractional test meal in Case 1 The shaded area repre- 
sents the limits of free hydrochloric acid (dimeth 3 d indicator) for 80 per cent 
of normal people The dot and dash line represents free hydrochloric acid, 
the continuous line represents total acidity, the arrow line represents food 
present in the stomach 
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Whether the achloihydna preceded the development of the ulcer 
or resulted secondaiily is uncertain, but from the point of view of 
treatment the impoitant fact is its presence The methods of medical 
treatment m genei al use are probably more efficient than those employed 
twenty years ago, but they still leave much to be desired The secre- 
tory disturbances are so varied and diminished acidity so frequent m 
gastric ulcer that it is doubtful whether they play an important part m 
the failuie of the ulcer to heal Medical treatment of gasric ulcer 
must needs attain a higher level of efficiency, and this cannot obtain 
while irrational methods, founded on misconceptions, are deemed 
satisfactor} 

SUMMARY 

1 Twenty-seven proved cases of chronic gastric ulcer were exam- 
ined by means of the fractional test meal Four (148 per cent ) had 
complete achlorhydria and thiee (11 1 per cent) had extremely low 
acidities 

2 Gastric ulcer is far more frequently associated with a diminished 
acidit}' than is duodenal ulcer, and it is exceptional to find complete 
achlorh}dria with the lattei 

3 These four cases of gastric ulcer were clinically indistinguish- 
able from those associated with nonnal acidities Neither the site nor 
the duration of the ulcer appeared to predispose to achlorhydria 

4 The methods m vogue m medical treatment of gastnc ulcer, 
while producing many good results, aie not wholly lational, and aie 
based on misconceptions 

5 Recognition of the wide vaiiations of secretory activity occurring 
in gastnc and duodenal ulcer is essential for the efficient tieatment of 
these conditions 
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Operation (Dec 2, 1922) revealed dense adhesions everywhere and a small, 
very indurated gastric ulcer on the lesser curvature near the esophageal opening 
The ulcer was cauterized, and posterior gastro-jej unostomy performed 
(Microscopically, there was no evidence of malignancy ) 

Case 3 — A fractional test meal given to E B, a woman, aged 54, repealed 
complete achlorhydria with a total acidity not exceeding 0091 per cent of 
hydrochloric acid (Chart 3) Operation revealed definite pyloric obstruction 
On the anterior wall of the pyloric antrum a chronic ulcer was found which was 
excised and a posterior gastro-jej unostomy performed Otherwise nothing 
abnormal was observed (There was no evidence of malignancy on histologic 
examination ) 

Case 4 — A fractional test meal given to A C, a woman, aged 51, showed 
complete achlorhydria, with a total acidity not exceeding 0058 per cent of 
hydrochloric acid (Chart 4) Operation revealed a chronic ulcer about half way 
along the lesser curvature No other abnormality was observed Partial 



Chart 5 —Results of fractional test meal m Case 5 


gastrectomy and gastro-jej unostomy were performed (Microscopically, thert 
was no evidence of malignancy ) 

Case 5 A. fractional test meal given to A S , a woman, aged 39, showed 
complete achlorhydria, with a total acidity not exceeding 0 146 per cent of h 3 ^dro- 
chloric acid (Chart 5) Operation revealed duodenal ulcer, but it was not dealt 
with, o\\ ing to an accompanying acute appendicitis for which appendicectomy 
was performed (This patient had had a severe melena three years previously ) 

COMMENT 

A consideration of these cases shows that the achlorhydria is appar- 
ently not related to the situation or duration of the ulcer They are 
indistinguishable clinically from ulcers associated with normal amounts 
of acid Four of the five patients were females, and in this respect 
it IS interesting to note that women tend to have lower gastric acidities 
than men as a general rule 
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How fill are these ph}siologic influences responsible for the changes 
in the duration of systole in man 7 Previous studies have indicated 
their possible opeiation in normal persons A few such instances may 
be cited Lombard and Cope ^ expressed the relation of systole length 
to late by a foimula, the constant of which varied with sex, posture, 
etc The} therefoie suggested venous return as an added factoi 
Wiggers and Clough ® found that while the duration of systole in noimal 
pel sons followed a curve plotted on the duration of the cycle in a 
general wa}, theie were many exceptions They reported, in addition, 
a relative lengthening of systole in “irritable hearts” and suggested a 
myocardial factor as being responsible for this The results of Bowen,® 
after exeicise, indicate a lengthening of systole independent of heait 
rate changes Finally, at rapid heart lates the duration of systole has 
been found to be shorter than Lombaid and Cope’s formula would 
indicate ' 

As many cardiovascular affections are accompanied by changes in 
venous piessuie and arterial lesistance as well as abnormalities in ^he 
innervation and condition of the heait muscle — changes comparable to 
those experimentally pioduced in animals — it seemed advisable to 
deteimine whethei the duration of systole and its phases in such clinical 
cases IS also governed by these physiologic mechanisms The present , 
report deals with observations in auricular fibi illation This condition 
xvas selected because in auricular fibrillation we obtained clinical cases 
with var}mg degrees of venous pressure and a laige variation m the 
length of consecutive cycles , we find vaiying degrees of cardiac failure 
and varying amounts of heart muscle involvement, and, finally, theie 
IS an absence of synergic auricular conti actions 

METHOD 

In order to obtain the required data, heait sounds and the sub- 
c'avian pulse were registered simultaneously by Frank segment capsules 
(Wiggers’® adaptation) A typical recoid from a nonnal person is 
illustrated in Chart 1 The records (plates) were measured by a Lucas 
comparator, and only those which peimitted accuiate leading weie 
^elected The isometric contraction period was measured by a slight 
modification of the method of Wiggers and Clough® In our work, it 
was computed by subtracting the time interval between the upstroke 

4 Lombard, W P, and Cope, O M Proc Soc Exper Biol & M 16 97, 
1919, Am J Physiol 45 564, 1918, Ibid 49 139 and ISO, 1919, Ibid 51 474, 1920' 

5 Wiggers, C J, and Clough, HD J Lab & Clin Med 4 644, 1919 

6 Bowen, W D Am J Physiol 11 61, 1904 

7 Wiggers, C J Personal communication 

8 Wiggers, C J Circulation m Health and Disease, Ed 2, Philadelnhia 

Lea & Febiger, 1923, p 180 ’ 



CLINICAL OBSERVATIONS ON TI-IE DYNAMICS 
OF VENTRICULAR SYSTOLE 

I AURICULAR FIBRILLATION ” 

L N KATZ. MD, and H S FEIL, MD 

CLEVELAND 

According to lecent physiologic investigations (Wiggers ^), ventricu- 
lar systole may be divided into a period of isometiic contraction and 
a period of ejection, the latter being again divided into a phase of 
maximum and reduced ejection Recent studies on animals ^ have, 
moreover, shown how the duration of these phases as well as the 
duration of the entiie systole is modified by a number of dynamic 
factors ® In brief, while the duration of the average systole is 
determined by the heart rate or average cardiac cycle — or more pre- 
cisely the duration of any systole is determined by the duration of the 
previous diastole — it is also affected by other experimentally produced 
dynamic changes, namely, the specific effect of the cardiac nerves, the 
action of chemicals, drugs and hormones, changes in arterial resistance, 
and alterations in venous pressure The isometric contraction period, 
for instance, is shortened by an inciease in venous pressure and by the 
action of epinephrin or carbon dioxid and lengthened slightly by an 
ncrease in arterial resistance Again, the ejection phase is shortened 
by an abbreviation of the pievious diastole, by an increase in 
arterial resistance (when unassociated with any pronounced systolic 
retention), by a decrease in venous pressure, by the specific action of 
ihe accelerator nerves, and by the action of epinephrin and caibon 
dioxid It IS lengthened by a prolongation of the pievious diastole, and- 
bv an increase in venous pressure (whether the result of an increased 
venous return oi the back pressure effect of an increased systolic leten- 
tion) Of the two phases, ejection is the more variable In fact, the 
changes in the duration of systole are largely determined by the dura- 
tion of the ejection phase As a result, it was concluded that the dura- 
tion of these phases depends on (a) the initial tension and diastolic 
volume of the ventricle, (b) the aitenal resistance, and (c) the condi- 
tion of the heart muscle 


* Frorn the Medical Clinic of Western Reserve University at City Hospital 

1 Wiggers, C J Am J Physiol 56 415, 1921 

2 W iggers, C J , and Katz, L N Am J Physiol 53 49, 1920 Katz, 
L N T Lab & Clin Med 6 291, 1921 Wiggers, C J Am J Physiol 
56 439, 1921 Wiggers, C J , and Katz, L N Am J Physiol 58 439, 1922 

3 The literature on this subject is reviewed in these reports 
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DURATION or SYSTOLE AND ITS PHASES IN NORMAL PERSONS 

In studying the possible factors modifying the duration of systole 
and Its phases in cases of auricular fibrillation, it is obviously necessary 
to compaie them vith normal subjects Although the relation of systole 
lengfth to heart rate, c) cle length, etc , has been repeatedly investi- 
gated, it seemed desirable to test a small series of normal persons by 
our methods in oidei to be cjuite certain that they checked with those 
of pieMOus obseners The data so obtained from fifteen normal adults, 
ranging in age fiom 20 to 30 years, is arranged in Table 1 according to 
the duration of the average cardiac cycle (Column III) This gives a 
range of C3cle length fiom about 0 59 of a second, in Case 1, to 0 183 
of a second in Case 15, compaiable to heart lates ranging from 100 to 
54 per minute (Column IV) In Column V is shoAvn the duration of 
the preiious diastole, and a little computation shows that this period 
inci eases with the cycle length, but not proportionately This is due to 
the fact, shown in Column VI, that the duiation of total s} stole also 
tends to inciease as the cjcle lengthens In Columns VII and VIII 
are given the figtiies for the duiation of the isometric conti action and 
ejection phases A study of these figures shows a gieat variability in 
the duration of the isometnc phase, a vaiiabihly entiiely independent 
of the duration of the cycle, previous diastole, total systole or ejection 
phase The ejection phase, on the other hand, becomes longei, Avith 
but feu exceptions, as the cycle lengthens 

Such relations show that in man, as in animals, the influence of 
heait late or cj^cle length on the duiation of systolic ejection is 
detei mined chief!)'’ through the vaiiation in the duration of diastolic 
filling, the ejection period progi essively lengthening vith longer 
diastoles, due to the gi eater amount of blood to be ejected in these 
beats 

The formula S = 0 31 /C, for the recumbent position, which was 
evolved by one of us ” from the formula S = of Lom- 

K/R 

bard and Cope,‘‘ was tested in our senes by calculating a theoietical 
“s) stole” (S) from the average cycle length (C) and compaiing it 
with the average systole and ejection foi that individual The values 
foi (S) which are given in Column IX, of Table 1, are shoiter than 
the average total systole, except in Cases 6, 14, and 15 of this senes 
(compare Column IX with VI) They are somewhat longei than the 
coi responding ejection peiiod (compaie Column IX with VIII) The 
results on the whole agree within limits with those of Lombard and 
Cope, for It should be remembered that their constant was used to 
measure ejection plus protodiastole (that is, upstroke to bottom of 
incisuia of the carotid pulse) and not total systole AVe should theie- 
fore compare the calculated 5' with ejection rather than with total 
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of the subclavian pulse and the bottom of the incisuia (Fig '1, a to c) 
from the interval between the first and second sounds (Fig 1, I to II) 
Ejection was readily computed from the subclavian pulse by the time 
interval between the upstroke and the beginning of the mcisura (Fig 1, 
a to b) The duration of diastole was obtained by subtracting the 
sum of the ejection and isometric peiiods, as detei mined above, from 
the interval between two successive second heait sounds (Fig 1, II ^ 
to II) The latter was our criterion of cycle length, while the sum 
of ejection and isometric peiiods gave the duration of the total systole 
In studying the effect of heart late on systole, it was obviously piefer- 
able to use the preceding diastole lather than the succeeding one, as 
has been pointed out elsewhere ” 



Fig 1 — Simultaneous record of heart sounds (top curve), subclavian arterial 
pulse (middle curve), and electrocardiogram. Lead 11 (bottom curve) of normal 
person I, beginning of first heart sound, II, IF, this and the succeeding illus- 
trations have been reduced two thirds , beginning of second heart sound , a, 
beginning of ejection, b, sharp drop of mcisura, c, bottom of incisuna Time 
in this and succeeding records is 02 of a second 

Ihe recoids were obtained fiom waid patients Tlie diagnosis of 
auiicular fibi illation was confix med electrocax chographically The cases 
weie classified accoiding to piobable etiology into those with mitral 
valvulitis and those with myocaidial fibrosis (oi so-called chronic 
mvocarditis) The absence or presence of cardiac faihiie was noted 
and, when present, the degree of failuie ascei tamed The nature and 
amount of therapy preceding the taking of the lecoids and the blood 
pressure estimation at the time weie also noted Records weie taken 
with the patient in the recumbent position and in most cases with 
respiration ariested 


9 Katz, L N J Lab & Clm I^Ied 6 291, 1921 
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systole It will be seen in Table 1 that the calculated S is actually 
greater than the ejection phase by a time interval varying from 0008 
to 0 064 of a second, or on the average 0 028 of a second, which is 
reasonably equivalent to the duration of protodiastole in man, as found 
by Burstein 

In considering the variations of the phases of consecutive beats in 
one person, we find that diastole is always more variable than systole 
and that the systolic ejection, as a rule, vanes more than the isometric 
period Thus m Case 10, Table 1, m which twelve consecutive beats 
were measured, the duration of the previous diastole vanes from the 
average by plus 0 076 and minus 0 039 of a second, while total systole 
varies from the average by plus 0014 and minus 0 014 of a second 
(Columns V and VI) In the same case the variations from the 
average are plus 0 013 and minus 0 011 of a second foi the ejection 



Fig 2 — Plot showing the relation of total systole to corresponding cycle 
length in fifteen normal cases, and related to curve drawn from the formula 
S = 031 V C 

phase as compaied with plus 0 005 and minus 0 004 of a second foi 
the isometric penod (Columns VII and VIII) A like consideration 
of other cases in the table will show similar relationships 

On plotting the relation of systole to cycle length according to the 
method of Wiggers and Clough,® as in Figure 2, it was found that 
although there was a definite relation between the individual systole 
and the corresponding cycle length, there were, however, occasional 
exceptions These were no doubt due to the factors alieady referred 
to in the preliminary discussion, the result of such influences as 
respiration, change m the tonus of the cardiac nerves, etc 

Our findings, then, in normal persons are in accord with those of 
Lombard and Cope m a general way, and agree closely with the lesiilts 
of Wiggeis and Clough It may therefore be concluded that rate for 


10 Burstem, J Am J Physiol 65 158, 1923 
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rate the phases of systole in normal persons compare with those obtained 
from the expeiimental obseivations of Wiggers and Katz, and that 
the changes m then duration follow the same laws 

DURATION or SYSTOLE AND ITS PHASES IN AURICULAR FIBRILLATION 

Compausoit tuith Noimal — The data of sixteen series of observa- 
tions on fifteen patients with auricular fibrillation are tabulated in 
Table 2 As this table shows, the patients were adults varying in age 
from 30 to 72 }ears (Column V), with blood pressures (maximum 
s}stohc — minimum diastolic) ranging from systolic, 210, diastolic, 120, 
to systolic, 100, diastolic, 68 (Column IV) This senes included 
seven cases with an associated myocardial fibrosis or so-called chronic 
myocarditis (ify P ) and eight with an associated mitral valvulitis 
{MS ) (Column VI) Seven of the patients had not leceived any of 
the digitalis group of drugs (indicated b}' 0 in Column VII) while nine 
were “digitalized” to a variable degree when the records were obtained 
{jD7ff in Column VII) Two of the latter had received some quinidin 
sulphate in addition {Quin m Column VII) Thiee of the patients 
showed no evidence of cardiac failure at the time the recoid was taken 
(indicated b} — in Column VIII), seven had signs of partial or 
moderate cardiac failure (± and m Column VIII), and the other 
SIX exhibited evidence of marked failure (-f- -j- and -h + + m 
Column VIII) 

This table is also arranged according to the duration of the average 
cardiac cycle (Column IX) It gives a range of cycle lengths varying 
from 0 172 of a second in Case 1, to 1 72 of a second m Case 16, with 
a variation in predominant rate langmg from 186 to forty-six beats 
per minute (Column III) A careful analysis of this table shows that, 
as m the normal controls, the average diastole (Column X) lengthens 
with a lengthening of the cycle (Column IX), but not proportionately, 
the disproportion being due to the simultaneous lengthening of the 
average total systole (Column XI) Again as in normal cases, the 
duration of the average isometric contraction period (Column XII) 
varies independently of the othei phases and of the piedominant rate, 
whereas the average systolic ejection phase (Column XIII) in general 
changes directly with the cycle length and largely determines the dura- 
tion of total systole 

A comparison of this table with Table 1 brings out some further 
interesting facts Not only is the range of cycle lengths greater than 
normal m the senes of auricular fibrillation cases, but the deviation 
from the average m a single case is also greater This is also true of 
the duration of diastole and the isometric and ejection phases Total 
systole, although deviating but little more from the average than nonnal, 
IS suiprisingly constant in a person with fibrillation, considering the 
greater vaiiation of previous diastole For example, Case 5, Table 2, 



Table 2— Duration of Systole and Its Phases m Aunculai Fibrillation 


XIV 

siii 5 

r fr-* o 

CO ifj to oc Oi r-i 1 '^ j>- cc 0 ? I'i « p e-j 

C3 T-> 6-1 O'! f'l oo S r^i lO 

P r-< <M Cl C-l Cl Cl Cl Cl Cl Cl Cl d Cl CO CO 

OOOOPOPOtoOOOOOOO 

IIIX 

Duration ot 
Systolic Ejec- 
tion Phase 

Devia- 

tion 

From 

Aver 

age 

-i-0 031 
—0 031 

-to 020 

-0 0o() 

-f0 021 
-0 019 

-fO 021 
—0 044 

+0 021 
— 0 049 

+0 037 
— 0 033 

+0 030 
— 0 022 

+0 022 
— 0 025 

+0 037 
— 0 003 

+0 063 
— OOSl 

+0 030 
-0 032 

+0 019 
—0 019 

+0 008 
—0 010 

+0 027 
—0 035 

+0 032 
—0 022 

+ 0 007 

—0 010 j 

Aver- 

age 

0 086 

0128 

0194 

0161 

0194 

0163 

0 200 

0182 

0173 

0 181 

0 200 

0190 

0 230 

0108 

0 261 

0 204 

1-4 

W 

Duration of 
Isometric Con 
traction Pei lod 

?§igs 

+0 027 
—0 022 

+0 041 
—0 038 

+0 011 
-0 019 

+0 019 
—0 011 

+0 057 
—0 021 

+0+25 
—0 028 

+0 018 
—0 018 

+0 021 
—0 010 

+0 037 
— 0 028 

+0 052 
— 0 055 

+0 032 
-0 020 

+0033 
—0 025 

+0 015 
—0017 

+0 031 
—0 026 

+0 012 
—0 621 

+0 012 
— oon 


0 037 

0 047 

OOSl 

0 062 

0 036 

0 058 

0 073 

0 009 

0 093 

0 061 

0 044 

0119 

0 030 

0 050 

0 069 

0 091 

XI 

Duration of 
Total 
Systole 

pgifs 

+0 026 
—0 027 

+0 017 
— 0 042 

+0 029 
—0 028 

+0 030 
—0 028 

+0 026 
—0023 

+0 023 
—0 019 

+0 015 
-0 016 

+0 031 
—0 016 

+0 037 
—0 021 

+0 0-13 
—0 053 

+0 034 
—0 038 

+0 014 
—0 015 

+0 018 
—0 016 

+0 020 
—0 029 

+0 011 
-0 016 

+0 015 
—0 021 

<! 

0123 

0175 

0 275 

0 223 

0 233 

0 222 

0 279 

0 251 

0 206 

0 242 

0 241 

0 309 

0 260 

0254 

0 330 

0 355 

X 

Duration of 
Preceding 
Diastole 

r* rt S cj 
>oogS 

+0181 
—0 087 

+0188 
—0 098 

+0 067 
-0 030 

+0 072 
—0119 

+0 106 
—0118 

+0 354 
—0131 

+0 211 
-0114 

+0 030 
—0 052 

+0 161 
—0128 

+0 264 
— 0 223 

+0 405 
—0131 

+0152 
—0 056 

+0141 

—0117 

+0 228 
—0 217 

+0 467 
— 0 231 

+0 272 
—0 113 

Aver 

age 

0 200 

0 222 

0175 

0 302 

0 307 

0 323 

0 331 

0 874 

0 351 

0 393 

0 120 

0 178 

0600 

0 018 

0 749 

0 910 

IX 

Duration 

of 

Cycle 

Devia- 

tion 

Fiom 

Aver 

ige 

rSS SS! I'-C s’®-' o®! y '’'®» cs! i®S2 £:!2 

tow Srir ClCO r-if-t i'-co o*^ tMP too 00 I-Hl'- OP r-;C5 I"?? 

rHf-H rH*-' OO r-ifH 1-41-4 CCi-4 dr-^ 0'i> dcl -4'rH r40 T-4r4 CJr-^ C-W 

OO OO OO OO OO OO OO OO OO OO OO OO OO OO OO OO 

+1 +1 +1 +T +T +1 +1 +1 +T +1 +1 +1 +1 + T + 1 +1 

^ a; 

coirOWPiootoj'»P'*i'r»pciOl5 

©OOOPPOOOOPPPP’^'^ 

VIII I 

Degree 

of 

Cardiac 

Failure 

+ + 1 X ^ ++1+1+!+ 1 + + + + + 

VII 

Car 

diac 

jVIedi 

cation 

Dig 

0 

0 

Dig 

0 

Dig 

Quin 

Dig 

0 

0 

Dig 

0 

Dig 

Dig 

Quin 

Dig 

Dig 

0 

VI 

bi2 

^ 03 

5 O 

P fl 


> 

Age 


IV 

Maxi 

mum 

Sjstolic 

and 

Mini 

mum 

Diastolic 

Blood 

Pressure 

“"ISs®-sssggsss§i 

t— t 
t— < 
H4 

Predom 

inant 

Heart 

R ite 

SSs3S§”ss§ggg§ig“ 

t-4 

H4 

MM 

y-* 1-i T-4 

1-4 

o 

UJ 

5 

* 

- a — — S ^ 3 S S * 

1-4 rH r4 T-^ rH r4 


,, IxUurc 4 - ^ moder xtc c'xrdmc failure ++ and 4-4-4- marked cardiac failure M fe mitral valvulitis (infectious origin) INIy P injocar 

^ not dlBltallzcd Dit. patient more or less xllRitili/i^ (at time or just before recor<I taken) Quin rccelvetl oulnldlii 

“ \ neiiaot e Tx» xnmli\i\llon mn 











KATZ-FEIL— VENTRICULAR SYSTOLE 681 

systoles in this figuie aie shortei and aie closer to the line of calculated 
“systole” — cycle ratios (computed from the formula S = 0 31 /C) than 
in Figure 2, the plot of the normal cases Similar plotting of all the 
ejection phases showed an even greatci difference between noimal and 
fibrillation records 

What IS the cause of this shortening^ A survey of the variables 
given in Table 2 demonstiates that the shortening of ejection is 
unrelated to most of them It is not i elated to the age of the patient, 
to the height of the blood piessuie nor to the associated cardiac condi- 
tion It occurs in like degree in patients who have been “digitalized” 
and those who have not The only condition that seems to modify it 
IS the degree of cai diac failure 

Relation of Caidiac Faihoe to Dwaiwn of Systole and Ejection in 
Auucular Fibi illation — Anticipated Rcudts — It is apparent that cardiac 
failure increases the venous pressuie because a relatively greatei volume 
of blood IS retained on the venous side — and with this the arterial 
pressure may be unchanged oi even i datively reduced We may antici- 
pate then, a pi loi i, that the increase in venous pressure and the lowering 
of the arterial pressure, when present, together with the slowei rate 
of contraction of the diseased or fatigued heart, would lengthen the 
systole and its phases, and that this lengthening would vary directly 
with the degree of cardiac failure 

Actual Result 1 — Conti aiy to our expectations, and much to oui 
surprise, the actual results (as shown above) are just the reverse The 
duration of ejection seems to be inversely proportional to the degree of 
cardiac failure, that is, the length of systole, and particularly ejection, 
varies on the whole inversely with the degree of failure For example, 
cases with no evidence of cardiac failure. Cases 3, 5 and 11, of Table 2, 
show a difference between calculated 5" and the average ejection of 
0019, 0 034 and 0053 of a second, respectively (Column XIV minus 
Column XIII), an average diffeience of 0035 of a second, while cases 
with marked cardiac failure. Cases 1, 2, 4, 6, 12 and 16, have respec- 
tively a difference of 009, 0067, 0064, 0066, 0 085 and 0 088 of a 
second, oi an average difference (0 076 of a second) moie than twice 
that of the preceding cases The cases with partial failure. Cases 7, 8, 
9, 10, 13, 14 and 15 have differences between the other two, the 
differences being respectively 0 036, 0 063, 0 074, 0 067, 0 058, 0 092 and 
0061 of a second, an aveiage difference of 0064 of a second 

Discussion — Flow can this discrepancy between anticipated and 
actual results be accounted for? Seveial explanations may he hazarded 
For instance, an alteration in the blood chemistiy associated with a 
deficient circulation might so change the condition of the heart as to 
make it contract for a shortei interval Again, the pathologic condition 
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shows that with a variation of plus 0 113 and minus 0 119 of a second 
from the average cycle length (Column IX) and of plus 0 106 and 
minus 0 118 from the average diastole (Column X), the isometric con- 
traction phase deviates from the average by only plus 0 057 and minus 
0 021 of a second (Column XII), the systolic ejection by plus 0 021 and 
minus 0 049 of a second (Column XIII), and the total systole by plus 
0 026 and minus 0 023 of a second 

Shoitening of Systole and Its EjecUon in Aiiuculai Fibi illation — 
A like companson of aveiages shows the average isometric periods to 
be slightly longer m peisons with auricular fibrillation than in noimal 
persons (compare Column XII, Table 2, with Column VII, Table 1) 
Much more striking is the fact that the average total systoles and par- 
ticularly the average ejection phases are shorter than normal at corre- 
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Fig 3 — Plot showing the relation of total systole to corresponding cycle 
length in sixteen senes of observations in fifteen cases of clinical fibrillation 
of the auricles, and related to curve drawn from the formula S =0 31 VC 


sponding rates (compare Column XI and Column XIII, Table 2, with 
Column VI and Column VIII, Table 1) 

This relative shortening is shown in another way, namely, by com- 
paring the average ejection phase with 6' calculated (as pointed out 
above) for the corresponding average cycle length which is given in 
Column XIV A little computation shows the average ejection phase in 
auricular fibrillation is from 0 019 to 0 092 of a second shortei than S 
the average difference being 0 07 of a second This is a considerably 
greater shortening than obtains in the normal series, the difference m 
the latter being, on the average only 0 028 of a second (as already men- 
tioned) That this shortening of systole holds not only for average 
beats but also for individual beats is shown by plotting all systoles 
according to cycle length (Fig 3) It is obvious that the individual 
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electrocardiographically Figure 4 presents the elect: ocardiogram, 
Lead II, taken dunng aunculai fibrillation and Figuie 5 during noiinal 
mechanism The two sets of obseivations weie taken two days apart 
Twenty-two beats weie measured on each occasion 

The average duiations (and deviation fiom the average) are tabu- 
lated in Table 3 Analysis of this table shows a slightly more rapid, 
predominant late during fibrillation than when the mechanism was nor- 
mal Ejection and systole shorten moie than can be accounted, for by 



Fig 4 — Simultaneous record of heart sounds (top curve), subclavian 
arterial pulse (middle curve), and electrocardiogram. Lead II, (bottom curve) 
of a case of paroxysmal auricular fibrillation during a period of fibi illation 



Fig 5 — Electrocardiogram, Lead II, from patient illustrated in Figure 4, 
during normal mechanism 


this slight change in late According to the calculated S, “systole” 
should be 0 015 of a second shorter dunng the fibi illation than during 
the period of normal mechanism, wheieas in leality the shoitening of 
the average ejection is 0 043 of a second and that of the average total 
systole IS 0 051 of a second When the auricular conti actions are 
present, the average ejection phase is 0039 of a second less than the 
corresponding calculated S, while the difference is almost twice as gi eat 
(0 067 of a second) when the synergic auricular contractions aie absent 
If the change in duiation of ejection is compaied with the change in 
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of the myocardium might alter its response to the progressive increase 
m venous pressure Thus, we may suppose that the mciease in venous 
pressure which in the early stages of failure is a compensatory inecha- 
msm becomes a detnmental factor as failure progresses, for we know 
that the inefficient (exhausted) heart fails to respond to the progressive 
increase of venous pressure and does not empty its contents completely “ 
Perhaps the duration of ejection reverses m a similar manner There 
is, however, still another possible explanation 

Relation of Duration of Systole and Its Ejection to the Absence 
of Syneigic Auiicular Contraction in Fibi illation of the Amides — It 
IS possible that this discrepancy between anticipated and actual results 
IS peculiar to auricular fibrillation and does not occur when the mecha- 
nism IS normal Auricular fibrillation is characterized among other 
things by an absence of synergic auricular contractions, and this may 
be the cause of the shortening of ejection Auricular systole has been 
found to contribute a variable but measurable amount of blood to the 
ventricles Wiggers and Katz,^ for example, recently found the 
auricular contribution to vary from 18 per cent to 60 per cent of the 
total filling in normal dogs In auricular fibrillation the absence of this 
portion of the contribution and the consequent lessened filling would 
cause a relative shortening of systole and its ejection phase because of 
the relatively lower initial tension 

The validity of this hypothesis can best be tested m man in cases 
of paroxysmal auricular fibrillation For in this condition there is a 
spontaneous alteration of mechanism within a short peiiod of tune which 
permits a comparison of the duration of systole and its ejection phase 
duiing both mechanisms in a single person under otherwise practically 
constant conditions The patient in Case 2 of Table 2 happened to be 
such a person In this patient auricular fibrillation would develop 
spontaneously, last a variable time (a few hours to several days) and 
then spontaneously revert to a normal mechanism Fortunately for 
us, the heart rate remained rapid throughout, so that the changes in the 
duration of systole and its ejection phase, which were found, were not 
due to a change in heart rate They could, therefore, be attributed to 
the absence of synergic auricular contractions The paroxysms occurred 
many times during her stay in the hospital and even Avhile she was 
receiving large quantities of digitalis, as well as during the time she 
was receiving quimdin sulphate The patient had signs of marked 
cardiac failure and died a short time after the records Avere tal<en The 
diagnosis of paroxysmal auricular fibrillation Avas of course confirmed 

11 Wiggers, C J, and Katz, L N Am J Physiol 58 439, 1922 Patterson, 
S W, and Starling, E H J Physiol 48 357, 1914, Patterson, Piper, and 
Starling J PhA'siol 48 465, 1914 
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of the heart oi circulation In geneial a lengthening of diastole causes 
an almost proportional lengthening of the following ejection period and 
an almost propoitional shortening of the isometric period, whereas a 
shoitening of diastole has the opposite effect Total systole varies in 
the same direction as the ejection phase, but because of the opposite 


I a. 3 4 5 e T 6 9 10 j) 11 
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Fig 6 — Relation of the dynamics of systole to diastole 

change in the isometric period, to a lesser degree There are, however, 
many exceptions to all of these relationships A typical Case is 
graphically illustrated m Figure 6 compiled fiom Case 10, Table 2 The 
twelve beats of this series are ai ranged accoiding to the duiation of 
diastole, starting with the longest and ending with the shortest (Fig 
6, A) Figure 6, B repiesents the duration of the coi responding sue- 
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the length of the preceding diastole, the discrepancy is even greater, as 
IS also the case when a tabulation of all the beats is analyzed (Fig 3) 
This case, therefore, shows that the absence of synergic auricular 
contraction causes in itself a relative shortening of systole and ejection 
Indeed the progressive shortening with cardiac failure found in this 
series (Table 2) may be attributed to the greater susceptibility of the 
inefficient heart to slight changes in initial tension Thus, on this 
assumption it can be argued that the decrease in filling produced by the 
absence of auricular contraction elicits a relatively greater response 
(shortening of ejection time) in the failing heart than m the efficient 
one, and that this response (shortening) is proportional to the degree 
of cardiac failure At the present time, this appears to be the most 
logical explanation Observations of other clinical conditions and on 


Table 3 — Aveiage Dtaation of Systole and Deviations fiom the Average 
ill a Case of Pai ovysinal Auuculai Fibi illation 


I 

II 

HI 

11 

V 

VI 

vn 

Cardiac 

Mechanism 

Predom 

imnt 

Rate 

Duration 
of Cjclc 

Duration 

of 

Preceding 

Diastole 

Duration 

of 

Total 

Systole 

Duration 

of 

Systolic 

Ejection 

Duration of 
Sj stole as 
Anticipated 
From 
Formula 

S = 0 31VC 

Auricular fibrillation 

151 

+0155 

0 397 sec 
—0 076 



+0 017 

0 128 sec 
—0 021 

1 

0 195 sec 

Normal 

130 

+0 018 

0 460 see 
—0 016 

+0 025 

0 234 sec 
— OOlO 

+0 012 

0 226 see 
—0 015 

+0 014 “ 

0 171 sec 
— OOlO 

0 210 sec 

Difference 

21 

0 003 see 

0 012 sec 

1 

0 051 sec 

0 043 sec 

1 

0 015 sec 


animals are, however, contemplated to further test the validity of this 
hypothesis 

THE DYNAMIC INFLUENCE OF THE CONSTANTLY CHANGING 
CYCLE LENGTH IN AURICULAR FIBRILLATION 

Effect on the Duration of Systole and Its Phases in Successive 
Beats — Changing heart rate in normal animals has been found to alter 
not only the duration of systole and its phases, but also the systolic 
discharge and velocity of ejection It is therefore interesting to see 
if this IS also true in man The constantly changing rate in auricular 
fibrillation gives an opportunity to determine this 

An analysis of our results demonstrates that the duration of the 
systolic phases alters from beat to beat with changes in cycle length 
Indeed the response is practically the same regardless of the condition 

12 Henderson, Y, and Associates Am J Physiol 16 325, 1906, ibid 31 
288, 352, 1913 Straub, H Deutsch Arch f klm Med 115 531, 1914, ibid 
118 214, 1915 Also Foonote 11 
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Figure 6 illustiates these findings giaphically Figure 6, E rep- 
resents the height of the individual pulse beats (in millimeteis) in the 
case alieady refeired to When this is compared with the duiation of 
the preceding diastole (Fig 6, A) we find that the height of the beat 
on the whole deci eases as the diastole shortens, although there aie many 
deviations, and that this shoitenmg is piopoitionately greater in the 
beats with the shoiter diastoles 

Do these changes in pulse size indicate like changes in systolic dis- 
charge 7 According to Fiank the aiterial pressure (and with it the 
pulse) IS the lesult of two variable factois — the rate of ejection from 
the ^entrlcle and the peiipheial flow fiom the aiteiial system The 
peak of the pulse cuive maiks the point at which the two aie equal It 
also marks the end of the maximum ejection phase and the beginning 



Fig 8 — Simultaneous rccoicl of heart sounds (top cuivc), subclavian arterial 
pulse (middle curve), and electrocardiogram, Lead II (bottom cuivc) fiom 
a case of auricular fibrillation 1/, diastolic murmur, I and II first and second 
heart sounds, respectively 

of ledticed ejection (Wiggeis^) The size of the pulse, theiefoie, 
actually indicates only the amount of blood ejected dining the maximum 
ejection phase It gives no indication of the output duiing i educed 
ejection, because the latter occurs at the beginning of the descending 
limb of the pulse (cataciotus) Howevei, it has been found that in 
animals the output dining maximum ejection not only constitutes the 
major portion of the total systolic dischaige, but it also vanes moie oi 
less proportionately with the latlei under a large variety of conditions 
(Wiggers and Katz -) The changes m pulse size are theiefoie inter- 
preted as indicating, to a fair degree of accuracy, the vaiiations m 
relative systolic dischaige 


14 Frank, O Ztschr f Biol 46 478, 1905 
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ceedmg total systoles These shorten only slightly with the shortening 
of diastole and show many independent variations Figure 6, C rep- 
resents the duration of the ejection phases These vary more than the 
total systole and follow the duration of the preceding diastole more 
closely but with occasional exceptions Figure 6, D indicates the 
duration of the isometric contraction phases This period varies with 
the duration of the preceding diastole with only few exceptions, but in 
the opposite diiection, it lengthens as the diastole shortens This effect 
of the diastole on the isometric period accounts for the relatively more 
constant duration of total systole, for the latter is from this point of 
view the sum of its phases, and these vary m opposite directions 

These findings confirm and extend those of Weitz,^“ who obtained 
similar results in a smaller series of clinical cardiac arrhythmias by a 
different method, but which is not free fiom criticism 



Fig 7 — Simultaneous record of heart sounds (middle curve), subclavian 
arterial pulse (upper curve) and electrocardiogram. Lead II (bottom curve) 
from a case of auricular fibrillation 

The Effect of Changing Cycle Length on the Sice of the Pulse in 
Successive Beats — In studying successive beats m the cential pulse by 
optical means (such as Figs 4, 7 and 8), we find that the changes are 
the same as in the radial pulse As a rule, large beats succeed long 
diastolic pauses and small beats follow short intervals At times, how- 
ever, small beats succeed long pauses, and vice versa In general, the 
size of each beat varies directly with the length of the preceding diastole 
but not proportionately There is a greater variability in height m 
beats with short preceding diastoles Slight differences in diastole cause 
greater changes in height in these beats than in those occurring after 
longer pauses 


13 Weitz, W Deutsch Arch f klin Med 127 325, 1918 
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contraction is the impoitant factor in determining the duration of the 
isometric peiiod, oi conversely, that the lapidity of ventricular con- 
traction IS faiily accurately given, within limits, by the duration of the 
isometiic period This last agiees with the obseivation of Wiggeis^ 
that the duration of the isometric contraction peiiod is determined by 
the initial tension because, so we infei, it alteis the rapidity of Aen- 
tricular contraction 

Discussion — The effects of changing cycle length in cases of auiicu- 
lar fibnllation are in close agreement with lecent lesults obtained on 
experimental animals, and ihe}'^ follow the same laws The duration 
of systole and its phases, the height of the beat and the rapidity of con- 
traction all depend, in the fiist place, on the initial tension and diastolic 
volume of the ventiicle, and in the second place, on the condition of the 
myocardium The predominant influence of the duration of the pre- 
ceding diastole results from its effect on these two factois, by modify- 
ing the duration of filling it determines the initial tension and diastolic 
volume of the ventricle, and by modifjing the peiiod of lest it 
determines the condition of the myocardium The changes m arterial 
resistance (diastolic blood pressure) that result from the variations in 
the duration of diastole may play some part, particulaily in hypody- 
namic hearts as Einthoven and Korteweg held, but this, we believe, 
IS of relatively minor importance 

The occasional deviation fiom this influence of diastole can be 
explained by the action of other influences on the initial tension and 
condition of the myocardium, as in the experimental and normal cases 
These influences include varying tonus of the cardiac nerves and 
variations in venous return such as result fiom respiration because of 
dyspnea When failure is present, and it is here that the exceptions 
are more frequent, we may add the inotropic effect of varying oxygen 
and carbon dioxid tensions of the blood and the influence of changing 
chemistry of the heart fluids The deviation may be the result of 
imperfect or delayed relaxation as suggested by Lewis,^'^ or it may, 
according to Henng’s hypothesis,^® result from the varying quantities 
of myocardial fibrils in contraction 

Whatever the cause may be, the results confirm the fact that the 
response of the ventricle in auricular fibrillation, as in normal persons 
and experimental animals, is modified by other factors than the dura- 
tion of the preceding diastole Although the duration of the diastole is 
the most important, it is not the only influence conceined in the 
dynamics of ventricular systole 

16 Einthoven, W, and Korteweg, A J Heart 6 107, 1915-1917 

17 Lewis, T The Mechanism and Graphic Registration of the Heart Beat 

London, 1920, p 385 ’ 

18 Hering, H E Munchen med Wchnschr 55 931, 1908 
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This method of estimating the systolic discharge was used only in 
studying consecutive beats, because only under such circumstances can 
we maintain a comparative uniformity of the mechanical factors 
involved in taking the record, that is, the pressure applied over the 
subclavian artery and the condition of the recording capsule The 
modification which the elasticity coefficient of the aorta and subclavian 
artery produce is so slight that for estimations such as ours it plays an 
insignificant role This is probably the simplest clinical method avail- 
able at present for such determinations in cardiac irregularities It is 
more accurate than the usual methods utilizing pulse pressure, in that 
it is obtained optically The gas methods used by Zuntz, Plesch, Krogh 
and others cannot be used in cases of auricular fibrillation because 
of the great variability in cycle length and pulse size 

We, there, interpret these findings as indicating that changes in the 
systolic discharge occur in auricular fibrillation, partly as a result of 
the varying cycle length, but also because of other factors 

The Effect of the Altering Cycle Length on the Velocity of Ejec- 
tion — The relative velocity of ejection in consecutive beats can be 
readily obtained by dividing the height of the pulse beat (in millimeters) 
by the duration of the maximum ejection phase (in seconds), the result 
being expressed in millimeters per second This gives a truer result 
than when the height is divided by the duration of the entire ejection in 
that the height of the pulse actually indicates only the discharge during 
maximum ejection, as already mentioned The duration of the maxi- 
mum ejection phase is given by the time interval between the beginning 
of the rise and the peak of the pulse In Figure 6, c, the ejection 
phases are subdivided into the two periods by white lines The maxi- 
mum ejection is the portion to the white line, the reduced ejection is the 
part above 

When the velocity of ejection was determined m this way in suc- 
cessive beats. It was found that almost without exception it varied 
directly with the size of the pulse, and inversely with the duration of 
the isometric period This is graphically shown for a typical case in 
Figure 6 when one compares the graph of ejection rate in this case 
(Fig 6, F) with the height of the beat (Fig 6, E) and with the 
duration of the isometric period (Fig 6, D) This indicates, in the 
first place, that in auricular fibrillation in man, as in animals in whom 
some arrhythmia is present, the amount of the systolic output varies 
from beat to beat, not only because of the changing duration of ejec- 
tion but also because of a change in the velocity of ejection In the 
second place, it shows, so we believe, that the rapidity of ventricular 

15 Zuntz, E Ztschr f khn Med 74 347, 1912 Plesch, J Zentralbl 
f Physiol 26 89, 1912 Krogh, A, and Associates Skand Arch f Physiol 
27 100, 126 and 227 1912 
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Its ejection phase is also found when the plots of all the beats in the 
two senes are compaied It is not lelated to the age, to the blood 
piessuie, to the etiolog}' of the fibi illation or to the amount or type of 
theiapy leceived, but appaiently only to the degree of caidiac failuie 
Contraiy to oui expectations, the length of systole and its ejection phase 
is not dnectly but in a geneial way inoie or less inveisely piopoitional 
to the degree of failuie 

In attempting to explain this discrepancy, we studied a case of 
paioxysmal auiicular fibi illation dtiiing both mechanisms, and found 
that under othciwise piactically constant conditions the duiation of 
systole and ejection was i datively shortei dining a peiiod of auiicular 
fibrillation than duiing the normal mechanism We attribute this shoit- 
ening to the absence of synergic auricular conti actions in auiicular 
fibi illation On this assumption the lelatne shoitemng is due to the 
absence of the auiicular conti ibution to ventricular filling The rela- 
tion of this shoitemng to the dcgicc of failure is explained by assum- 
ing that the response of the ventiicle to this relatively smaller filling is 
increased in the failing heait more or less piopoitionately to the degiee 
of failuie Othei mechanisms may opeiate, but at the present time this 
one seems the most logical 

4 The constantly changing cycle length in cases with auiiculai 
fibrillation permitted the study of its effect on the dynamics of systole 

The relative systolic outjnit duiing the maximum ejection phase is 
indicated by the height of successive beats in the optically lecorded 
subclavian pulse, and this height divided by the duiation of the niai/- 
inum ejection phase gives the relative velocity of ejection 

In any person with auiiculai fibi illation, we find that the dynamics 
of successive ventiiculai systoles are piimarily but not entirely deter- 
mined by the duiation of the pieceding diastole In geneial, a change 
in the duiation of diastole causes a like change in the succeeding 
systolic dischaige (as indicated by the height of the pulse), in the 
duration of systole, and in the duration and velocity of ejection, but 
produces an opposite change in the duration of the isometiic peiiod 
The moie constant duiation of total systole in a single case results fiom 
the opposite effect of diastole on the duiations of the systolic phases 

The occasional deviations from the influence of diastole is explained, 
as in experimental animals, by the effect of alterations in venous letuin, 
in tonus of the cardiac nerves, etc In view of the pathologic condition 
of the heart muscle and the failing circulation in some cases, othei 
additional factors probably operate The alteiations in the tension of 
blood gases, changing chemistry of the heait fluids, imperfect or 
delayed relaxation (as suggested by Lewis) or other deviations m 
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Our results show, furthermore, how nicely the ventricle adapts itself 
to changing dynamics, and our study enables us to formulate a con- 
ception of this adapting mechanism 

SUMMARY 

1 A study of optically recorded heart sounds and the subclavian 
pulse was made m a senes of fifteen normal persons and in a series of 
fifteen persons with auricular fibrillation A method is given for 
determining the duration of systole and its phases from these records 

2 As a result of the study of the normal series, which includes 
almost 500 measurements, we find that with a variation in heart rate 
from 100 to fifty-four beats per minute, the isometric contraction 
phase varies from 0 024 to 0089 of a second, the ejection phase from 
0 22 to 0 298 of a second and the total systole from 0 262 to 0 374 of a 
second The isometric period varies independent of the rate and of 
the duration of the other phases, whereas ejection and total systole are 
determined chiefly but not entirely by the duration of the preceding 
diastole The duration of total systole is determined largely by the 
duration of ejection 

The formula S = K/C was tested and found to be of value in 
indicating the influence of cycle length on the duration of ejection 

The results in the normal series are in accord with the results of 
Lombard and Cope and more closely with those of Wiggers and Clough 
They also agree with the experimental observations of Wiggers and 
Katz and follow the same laws 

3 As a result of the study of sixteen senes of observations on 
fifteen cases with auricular fibrillation, which includes about 1,500 
measurements, we find a greater variation in the cycle length both in 
the entire series and m individual cases than occurs in the normal senes, 
and with this there is a greater variability in the duration of systole 
and its phases With a predominant heart rate ranging from 186 to 
forty-six beats per minute, the isometric contraction period varies from 
0 006 to 0152 of a second, the systolic ejection phase from 0055 to 
0 293 of a second and the total systole from 0 096 to 0 37 of a second 

On comparing the average durations in the two series we find that 
in auricular fibrillation, as m the normal cases, the duration of the 
average systole and its ejection phase is detennined chiefly, but not 
entirely, by the duration of the corresponding average diastole 

The isometric period is on the whole slightly longer than normal, 
but like the isometric period of the normal person, it bears no relation 
to the predominant rate or the average duration of the other phases 

Much more striking is the fact that the average total systole, and 
more particularly the average ejection phase, is shorter than normal 
at corresponding rates This relatne shortening of total systole and 



LAMBLIA (GIARDIA) INFECTION ASSOCIATED 
WITH CHOLECYSTITIS 

REPORT OF A CASE TREATED WITH NEO-ARSPHENAMIN 

JOHN L KANTOR, MD 

NEW YORK CIT\ 

INCIDENCE 

It IS now generally agieed that Lamhha infection of the intestinal 
tract IS not as rare as it was thought to be befoie the World War 
Surveys in America and in Europe indicate that lambhasis is possibly 
the second most common of the protozoal infections, being surpassed in 
frequenc}^ only by endamebiasis (Hegner and Payne, ^ Fantham and 
Poiter,- Kofoid, Kornhauser and Plate In children, at least in 
those in institutions, the infection is even still more common than in 
adults (Maxcy*) 

DIAGNOSIS 

Until recently the diagnosis of Lamhha infection could be made only 
by an examination of the stools With the increased employment of the 
intestinal (duodenal) tube, the diagnosis can also be established simply 
by direct microscopy of the aspirated duodenal contents Since the 
active, flagellate form of the parasite is found in the duodenum, it is 
not necessary to employ the differential staining methods required to 
identify the encysted forms in the stools Whether the tube method 
IS more accurate than the stool method in the sense of revealing a 
greater number of infections, has not yet been established Owing to 
their lightness and to the concenti alion of the protozoa in the upper 
intestine, one might expect the tube method of diagnosis to be clinically 
effective This is not the case with a nonprotozoal inhabitant of the 
upper intestine, namely the hookworm, as I found that the aspiration 
of uncinaria ova for the purpose of diagnosis — even m heavily infected 
carriers — occurred far too seldom to be of any value as a diagnostic 
measure In the case of Lamhha, therefore, special comparative studies 
of this nature would be welcome 


Read at the Twenty-Sixth Annual Meeting of the American Gastro- 
Enterological Association, Atlantic City, N J , May 1, 1923 

1 Hegner, R W, and Payne, G C Surveys of the Intestinal Protozoa 
of Man m Health and Disease, Sc Month 12 47-52, 1921 

2 Fantham, H B , and Porter, A The Pathogenicity of Giardia (Lamblia) 
Intestinalis to Men and to Experimental Animals. Brit M T 2 139-141, 1916 

3 Kofoid, C A , Kornhauser, S L, and Plate, J T Intestinal Parasites 
m Overseas and Home Service Troops of the U S Army, J A M A 72 1721- 
1724 (June 14) 1919 

4 Maxcy, K F Giardia (Lamblia) Intestinalis, a Common Protozoan 
Parasite of Children, Bull Johns Hopkins Hosp 32 166-170, 1921 
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ventricular filling, and variations m the number of contracting ven- 
tricular fibrils (according to Hering’s hypothesis) are suggested as 
possible causes 

In addition, this study shows that the variations in systolic discharge 
are the product of two other variables, namely, the rate of ejection and 
its duration 

It shows further that with certain reservations the duration of the 
isometric period is an index of the rapidity of ventricular contraction 

5 We conclude from these observations that in man, as in animals, 
the changes in the dynamics of ventricular systole occur primarily as 
a result of changes in two factors, the one physiologic, that is, the 
condition of the myocardium, and the other physical, that is, the tension 
and volume of the ventricle at the beginning of systole 
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and that is the tendency of the oigamsm to invade the bile passages and 
the gallbladdei Six yeais ago, Smithies leported the actual presence 
of Lainblia in an infected gallbladdei icmoved at operation Since 
that time several other authors have made incidental mention of 
associated symptoms stiongly pointing to gallbladdei involvement 
(B B V Lyon,'’ Simon,® Hollander,” Knighton I shall focus 
attention fuithei on the question of Lainblia cholecystitis 

THERAPY 

Until lecently lambliasis, at least in the seveie foim, has been 
legarded by many disci iminating woikeis as being practically incurable 
The laige numbei of therapeutic pioceduies that have been tiied and 
found wanting has often been lecorded Dobell and Lowd‘‘ in a well 
controlled case, failed completely with bismuth salicylate, beta-naphthol, 
methylene blue, tuipentme, and guaiacol caibonale Cade and 
Hollander’’ weie similaily disappointed with emetm hydiochloiid given 
hypodeimatically, emetm Insmuth lodid by mouth, salicylic acid, hydro- 
chloiic acid, quinin sulphate, piciic acid, and arsphenamin by mouth 
Simon failed to cuie by tiansduodenal lavage with Jutte’s hypertonic 
saline solution, and I failed with similai lavage with stiongly acidulated 
saline In this connection, as in all paiasitic infections, it should be 
borne m mind that the ciiteiia of cure aie to be strictly followed, it 
having been shown, pailicularly by Dobell and Low, and by Poitei,’-” 
that a long peiiod of obseivation is absolutely necessaiy to insuie a 
safe veidict as to the lesults of theiapy 

It was not until 1917 that any leal hope foi the successful treatment 
of giaidiasis was foithcoming In that yeai, Yakimoff^'^ and his 
co-workeis showed definitely that aisphenamm was capable of killing 
Lainblia These woikcis expeiimented with mice and checked then 
lesults caiefully by postmoitem examination Similai findings weie 
obtained subsequently in this countiy by Kofoid and his associates, 
who succeeded in cuiing Lainblia-inlesied lats by admimsteiing massive 
doses of neo-aisphenamin In 1918, Cade and I-Iollande and Goifton 
and Roux treated human giaidiasis with aisphenamm and neo- 
aisphenamm but obtained mdifleient lesults In all probability, as 

14 Dobell, C, and Low, G C A Note on the Tieatment of Lamblia 
Infections, Lancet 2 10S3, 1916 

15 Cade, A , and liollandc, A C L’Entcntc a "Giardia (Lamblia) 
Intestinahs,” Arch d mal d I’app diRcstif id 193-222, 1919 

16 Portei, A An Enumciativc Study of the Cysts of Giardia (Lamblia) 
Intestinahs in Human Feces, Lancet 1 1166-1169, 1916 

17 Yakimoll, W L , Wassilcvski, W J, and ZwictkolT, N A Sur la 
cbimiothcrapie de la lambliosc, Sctanccs ct mem Soc Biol 80 S06-S07, 1917 

18 Goiffon, R, and Roux, J C Lcs ententes A Lamblia, Arch d mal 
dc Tapp digestif 9 601-615, 1918 
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More and more cases of lambliasis, howevei, are now being recog- 
nized by duodenal aspiration In most cases this has been an accidental 
finding m the course of bile drainages for other — diagnostic or thera- 
peutic — ^purposes The original publication of M W Lyon,“ who 
found Giardta in the duodenal contents of two patients at the Walter 
Reed Hospital, was followed by similar reports from B B V Lyon,® 
Smithies,'^ Simon,® Hollander,® and Knighton in this country, and by 
Boyd m Canada In the author’s case also the diagnosis was made by 
this method 

PATHOGENICITY 

The most common clinical condition associated with Lamhha infec- 
tion IS an enterocolitis It is now recognized that diarrhea need 
not invariably occur in the presence of infestation with this parasite 
In this respect one is reminded of the growth of our knowledge con- 
cerning Stf ongyloides wtcsf malts, ivhich was at first thought to be 
directly associated with Cochin-China diarrhea When diarrhea is not 
present, the enterocolitis of lambliasis may be expiessed by other symp- 
toms such as constipation, ii regular bowel action, colic, and the presence 
of mucus m the feces The facts pointing most strongly to the 
pathogenic role of Lamhha has been well presented by Fanthani and 
Porter, who found postmortem, destructive changes in the intestinal 
epithelial cells, and by Fairise and Jannin as well as by Kofoid and 
Christansen,^® who found the parasite embedded in the deeper layers of 
the intestinal mucosa 

There is, however, another aspect of the pathogenicity of Lamhha 
infection which is, or at least might well be, of great clinical interest. 


5 Lyon, M W Intestinal Parasites During a Year at the Walter Reed 
General Hospital, J A M A 72 326-327 (Feb 1) 1919 

6 Lyon, B B V , Bartle, H J , Ellison, R T, and Richardson, R 
Discussion of the Treatment of a Case of Chronic Arthritis, with Lambliasis, 
by Duodenal Biliary Drainage, Med Clin N A 4 1153-1171, 1921 

7 Smithies, F The Frequency of Protozoic Enterocolitis m the Middle 
West Clinical Manifestations, Diagnosis and Treatment, Am J M Sc 
156 173-184, 1918 

8 Simon, S K Lamblia Intestmalis Infestation Successfully Treated by 
Transduodenal Lavage Report of a Case, Tr Sect Gastro-Enterol & 
Proctol, A M A 1921, pp lSl-159 Further Observations of Lamblia Intes- 
tinalis Infestation and Its Treatment, South M J 15 458-462, 1922 

9 Hollander, E Personal Communication 

10 Knighton, J E Lamblia Intestmalis with Report of Cases, South 
M J 15 457-458, 1922 

11 Boyd, W The Detection of Lamblia (Giardia) Intestmalis by Means 
of the Intestinal Tube, Canad MATH 658-660, 1921 

12 Fairise, C, and Jannin, L Dysenterie chronique a Lamblia, etude 
parasitologique et anatomo-pathologique. Arch d med exper et d’anat-path 
25 525-551, 1913 

13 Kofoid, C A , and Christansen, E B On Giardia microti sp nov , 
from the Meadow Mouse, Univ Calif Publ Zool 16 23-29, 1915 
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strating that soon after its intravenous injection the arsphenainin leaves 
the blood and becomes deposited or fixed in certain natuial depots of 
the body, such as the liver, kidneys and spleen At this early date, 
the excretion of the arsenic was being actively studied in the mine, 
particularly by Abelin^^ (1911), but its excretion m the stools, though 
recognized even by the earliest workers, was not accorded sufficient 
attention As far back as 1912, Ullmann^^ found from experiments in 
rabbits that not onl}'’ do the hvei, kidneys and spleen fix the arsenic, 
but that even a few minutes after its injection the drug arrives in 
the gastro-intestinal tract — probably in the blood vessels and glands 
thereof — where it is in part fixed and in part excreted through the 
intestinal secretions and dejecta, to be m turn partially reabsorbed 
through the portal circulation 

In 1913, Frenkel-Heiden and Navassart showed by a compaiative 
study of the urine and feces that from two to ten times as much 
arsphenamin is excreted by the intestine as by the kidneys That arsenic 
IS excreted by the stomach was shown as early as 1910 by Jeanselme, 
Bongrand and Chevalier who found about 001 gm arsenic in the 
vomitus of a patient who had received 0 6 gm arsphenamin five to eight 
hours previously 

In 1914, Stuehmer "" confirmed the presence of arsenic in the 
stomach and small intestine and was apparently the first to attempt to 
demonstrate its presence in the bile His lesults proved inconclusive, 
but as he likewise failed to find arsenic in the stool, it seems fair to 
conclude that his methods were perhaps at fault 

Probably the first to show that arsenic was actually excreted through 
the bile was Pomaret-® (1920), who injected 0 3 gm neo-arsphenamm 
into a dog, fixed a cannula m the common bile duct, and recovered 
within one hour arsenic corresponding to more than 0 01 gm of 
arsphenamin Incidentally, the amount thus excreted through the 
biliarjf system was found to be greater than that excreted by the kidney 
in the same interval 

23 Abelm, J Beginn u Dauer der Ausscheidung des Salvarsans nach 
intravenoser Injektion, Munchen med Wchnschr 58 1771-1773, 1911 

24 Ullmann, K Ueber Ausscheidungswcrte u Speicherungsverhaltnisse 
nach Einfuhr von Salvarsan m der menschhch-ticrischcn Organismus Arch 
f Dermat u Syph 114 511-570, 1912 

25 Krenkel-Heiden and Navassart Ueber das Schicksal des Salvarsans im 
menschhchen Korper, Ztschr f exper Path 13 531-542, 1913 

26 Jeanselme, E , Bongrand, J C, and Chevalier, P Sur le rhythme de 
Telimmation de I’arsenic apres I’lnjcction intramusculaire ou souscutanee de 
produits organo-arsenicatix solubles et en particuher d'hectme. Bull et mem. 
med d hop de Pans 30 743-752, 1910, ser 3 

27 Stuehmer, A Zur Topographie des Salvarsans und Neosalvarsans 
Arch f Dermat u Syph 120 589-610, 1914 

28 Pomaret, M L’Elimination des arsenobenzols, La med 2 123-125, 1920 
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IS now apparent, their initial dosage was too small In 1920, however, 
Carr and Chandler^” leported the cuie of a case by a senes of foui 
intiavenous injections of neo-aisphenainm 0 6 gin each Di Chandler 
writes to me that this case has remained negative for two and a half 
years, as pioved by repeated stool examinations It may therefore he 
regarded as the fiist carefully controlled cure of this disease on record 

In a further communication. Dr Chandler says 

The successful employment of neo-arsphenamm m the treatment of intestinal 
protozoal diseases depends entirely on getting enough of this product, or what- 
ever modification of it reaches the intestine, into the intestm at one time to kill 
the organisms present For Giardia we have found that in patients 25 to 30 
years of age who do not have an intensive intestinal ulceration three injec- 
tions of 06 gm at five day intervals are sufficient to take care of the infection 
However, if the secretory function of the gut is impaired through age or exten- 
sive ulceration, a larger dose, at least a larger initial dose — usually 09 gm — 
is required to accomplish the desired results If in the treatment of 

intestinal protozoal diseases the initial dose is small (0 3 gm or less) the 
invading organism appears to develop a tolerance to neo-arsphenamm to such 
an extent that later larger doses often fail to destroy it 

The last sentence is of particular significance and might serv^e to 
explain many of the failures desciibed in the literature Since the 
publication of Carr and Chandler’s case, two communications reporting 
treatment with neo-arsphenamm have appeared, one by Reverdm and 
Chome,*° the other by Simon® The Swiss authors mention one case 
which they treated with five injections (dose not stated) at three day 
intervals and which remained negative for the nine months to date of 
publication Simon administered the drug to five patients, four times 
intravenously, and once through the duodenal tube Unfoitunately, the 
dose — with one exception — was not stated, and the observation of 
results after treatment was appaiently not exhaustive The immediate 
effects, however, were quite satisfactory 

The question now naturally arises, In what way is arsphenamin oi 
its cogeners effective in ridding the organism of intestinal protozoa^ A 
survey of the literature bearing on arsphenamin and its behavior m 
and excretion from the body has proved most fascinating Soon after 
the introduction of arsphenamin by Ehrlich in 1910, studies began to 
appear on the fate of the drug in the body Such workeis as Fischer 
and Hoppe (1910) and Boinstein®^ (1911) succeeded in demon- 

19 Carr, E I , and Chandler, W L Successful Treatment of Giardiasis 
in Man with Neo-Arsphenamm, J A M A 74 1444-1445, (May 22) 1920 

20 Reverdm, A, and Chome, E Lamblia mtestinalis. Rev med de la 
Suisse Romande 42 118-119, 1922 

21 Fibcher, P , and Hoppe, J Das Verhalten d Ehrlich-Hataschen 
rates im Menschlichen Korper, Munchen med Wchnschr 57 1531-1532, 1920 

22 Bornstein, A Ueber das Schicksal des Salvarsans iin Korper, Deutscb 
med Wchnschr 37 112-113, 1911 
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' SUMMARY AND CONCLUSION 

1 Arsenic disappeais from the blood soon after intiavenous 
injection 

2 It is fixed in ceitain natural depots of the body, particulaily in 
the digestive canal and the liver, and to a less extent, in the kidneys 
and spleen 

3 Aisenic excreted into the intestinal tiact is in pait eliminated 
through the feces, but is in part also reabsoibed thiough the portal 
circulation 

4 The livei excretes arsenic into the bile in lelatively laige 
quantities 

5 Arsphenamin administeied by lectum in large enough doses 
probably behaves sj stemically in the same way as when given 
intravenouslv 

It follows fiom the foregoing that we have in arsphenamin oi 
neo-arsphenamin therapy a precise and effective method of reaching 
susceptible protozoan parasites no matter how deeply they may invade 
the intestinal or biliary mucosa 

REPORT OF A CASE 

History (April 20, 1922) — Miss L M, aged 30, a trained nurse, referred 
by Dr Ira Cohen, vas born in Michigan, where she lived until she came to 
New York City in 1907 About twelve jears ago she began to have pains in 
the right side of the abdomen, radiating to the groin, interfering when she 
walked, and becoming more marked before the menstrual periods There was 
never actual prostration, nor was there an 3 '’ vomiting, abdominal rigidity or 
fever The bowels moved habituallj' two or three times a daj'' More frequent 
and looser movements might have occurred at times, but the patient was not 
certain about this 

Seven 3 '-ears after the onset of these pains the patient was operated on, and 
a “clean” appendix was removed While in bed following the operation, she 
experienced pains at the waist line with radiation to the back Roentgenograms 
of the kidney region proved negative for calculi The patient remained free 
from S3'mptoms for a period of two years following the operation 

Three years ago the pains recurred, but they were located higher up than 
originally, extending under both rib margins and radiating to the back between 
the shoulder blades The attacks generally took place at 9 or 10 p m As 
before, they showed a tendency to come on with the menses, except that for 
the past three months they had become practically constant 

During the past year there was increasing abdominal distention, especially 
after meals, and more marked on the right side Recently the upper part of 
the abdomen had become so sensitive that the pressure of the corset or of any 
tight waist bands caused extreme discomfort At no time had there been 
laundice 

Exaimnation — This revealed a stocky young woman, 20 pounds (9 07 kg) 
overweight, not acutely ill, who was organically sound except for a liver 
that was palpable about two fingerbreadths below the right costal margin and 
which was distinctly tender on pressure There was no jaundice and no fever 
The urine was negative, except for 'an excess of indican 
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During the past year (1922), three important chemical studies have 
appeared in this country by Voegthn and Thompson,-® by Underhill 
and Davis,®® and by Clausen and Jean,®^ all definitely showing that 
arsenic is excreted far more profusely by the gastro-mtestinal tract 
than by the urinary system These findings show that the same is 
true of arsenic that has already been experimentally demonstrated for 
mercury and other heavy metals, namely, that “the chief channel of 
elimination is by way of the bowel and relatively little of these sub- 
stances can be made to pass out by way of the urine under any circum- 
stances (Sansum ®®) ” The actual rate of excretion of arsenic into the 
intestinal tract varies with the different arsenicals, Voegthn and 
Thompson having shown that it amounts, within the first twenty-four 
hours, to the surprising proportions of 33 per cent of the dose injected 
in the case of neo-arsphenamin and 82 per cent of the dose in the 
case of arsphenamin The same authors have also found that the “bile 
contains considerable amounts of arsenic after the intravenous injection 
of arsphenamin and neo-arsphenamin ” (Personal communication ) 

At this point a few remarks as to the administration of arsphenamin 
by rectum may be in ordei In several of the cases of lambliasis 
reported since the era of arsphenamin protozootherapy it was remarked 
that the intravenous mode of administration was refused by the patient 
In the case I report the veins were so small as to cause unusual difficult) 
in consummating this form of treatment In all such cases, as well as 
in children, it is quite possible that the drug may be exhibited success- 
fully per rectum Boyd and Joseph®® (1918) were the first in this 
country to advocate this type of therapy It has more recently been 
shown by Mehrtens ®^ (1921) that when arsphenamin is administered 
by rectum in sufficiently large doses, arsenic is absorbed into the 
blood, that it persists there longer, and that larger quantities are elimi- 
nated in the urine (and presumably reexcreted into the intestine) than 
after the ordinary intravenous administration To achieve this purpose, 
Mehrtens recommends a dosage of 4 gm of neo-arsphenamm 

29 Voegthn, C , and Thompson, J W Rate of Excretion of Arsenicals a 
Factor Governing Toxicity and Parasiticidal Action, J Pharmacol & Exper 
Therap 22 85-105, 1922 

30 Underhill, F P , and Davis, S H The Excretion of Arsenic After 
Serial Administration of Arsphenamin and Neo-Arsphenamin, Arch Dermat 
& Syph 5 40-50 (Jan ) 1922 

31 Clausen, S W, and Jean, P C Distribution and Excretion of Arsenic 
After Intravenous Administration of Arsphenamin in Children, Am J Syphihs 
6 556-567, 1922 

32 Sansum, W D The Principles of Treatment in Mercuric Chlorid 
Poisoning An Experimental Study, J A M A 70 824-828 (March 23) 1918 

33 Boyd. A S , and Joseph, M Intrarectal Administration of Arsphenamin, 
J A M A 71 521-523 (Aug 17) 1918 

34 Mehrtens, H G Rectal Injection of Massive Doses of Neo- 
Arsphenamin, J A M A 76 574-576 (Feb 26) 1921 
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difficult on account of the obesity of the patient and the smallness and inacces- 
sibility of her veins, were successfully administered by Dr Fred Wise, who 
reported his findings as follows 

"Miss L M received, on Oct 7, 1922, a preliminary ‘desensitizing’ injec- 
tion of 02 gm neo-arsphenamin There being no reaction within one hour, 
she received the balance of 07 gm Except for a recurience of her diarrhea 
during the following night, there were no untoward effects from the injection 
of 09 gm neo-arsphenamm 

On October 12 the patient received 0 9 gm neo-arsphenamin Two days 
later there was a severe reaction manifested by conjunctival injection, head- 
ache, fever (102 F), vomiting, pains in the chest and abdomen and diarrhea 
The patient noticed that the stools had an unusual odor The skin exhibited 
a universal erythematous eruption, in part also urticarial, associated with 
itching After five days all symptoms subsided There was no desquamation 
On October 28, the patient received the third and last injection of 0 9 gm 
neo-arsphenamm There was a moderate reaction two days later in every way 
similar to that of Oct 14, but very much milder This subsided after three 
or four days and left the patient in an apparentlj' normal condition 

The urine, examined between the days of the injections, was free from 
albumin and casts and sugar At no time was there jaundice" 

Duodenal drainage, performed on Oct 22 — ten days after the second injec- 
tion of neo-arsphenamm — showed for the first time complete absence of 
Lamblta from the recovered fluid On October 28, within an hour of the last 
injection, the duodenal tube was again introduced and the bile drained for 
from three to four hours During this interval three stools were passed and 
collected The bile (which was for the second time negative for Lmnbha) 
and the stools were submitted to Dr Joseph Felsen, who reported all specimens 
negative for arsenic by the Gutzeit method The stools also failed to show 
either the free or the encysted forms of the parasite 

Subsequent Coiasc — In addition to the two negative bile drainages already 
mentioned (Oct 22 and Oct 28), ten more drainages were made during the 
SIX months since tlie treatment was given (see table) On evciy occasion the 
duodenal contents were free from every trace of LambUa infection In addi- 
tion to the stool examination of Oct 28, six subsequent tests (also shown in 
the table) likewise proved negative for this parasite 

As a contrast to the immediate cure of Lamblia infestation as such, the 
clinical condition of the patient has shown only partial amelioration The 
liver can no longer be felt and the abdominal tenderness is much less marked 
and at times quite absent There have been periods of diarrhea, however, 
lasting as long as ten days, with as many as ten stools during the twenty-four 
hours At times there has been constipation The bowels have moved loosely 
three or four times a day on the average, at least for the past few months 
Occasionally tliere has been pain, both in the right side and in the back, worse 
on motion and interfering especially with walking and with stair climbing 
In short, there is still some colitis and perhaps some cholecystitis, and it is 
probably too early to say just how much these factors have been affected bj 
treatment 


NAIURE OF THE CIIOLECV STITIS 

That there was clinically an inflammation of the gallbladder is 
beyond question It has already been pointed out that Lamhha does 
actually invade the gallbladder and that many, if not the majoiity, of 
the cases now being discovered by duodenal aspiration occur in patients 
suffering clinically from gallbladdei trouble Despite this fact, the 
most recent general works on diseases of the biliary passages fail to 
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Intubation of the stomach showed that it was empty when fasting After 
an Ewald test breakfast free acid was absent, the total acidity was 17 
Roentgen-ray examination of the digestive tract was negative as regards form 
and function, except that there was a persistent shallow filling defect on the 
outer (right) aspect of the duodenal cap 

Diagnosis — In view of the history, the tenderness and enlargement of the 
liver, the achlorhydria and the defect m the duodenal cap corresponding to 
the region of the gallbladder, a diagnosis of subacute cholecystitis was maae 
Tieatment — ^As there seemed no urgent indication for surgical intervention, 
routine medical treatment was instituted On May 3, 1922, a duodenal tube 
was introduced for the purpose of effecting bile drainage The sediment 
of the recovered fluid was found, on microscopic examination, to contain 
innumerable, actively motile flagellate organisms readily identified as Lamblia 
inteshnahs (Giardia enteiica) 

In view of Simon’s then recent report of an apparent cure of Lavibha 
infestation by a series of transduodenal flushes with Jutte’s solution, a similar 
plan of therapy was decided on From May 3 to May 11, inclusive, the patient 
received four flushes of 900 c c each of hypertonic saline (sodium sulphate and 



Arsenic excretion (after arsphenamin injection) in urine and feces as 
percentage of the injected dose, showing the relatively greater excretion in the 
feces, the slow excretion after from eight to ten days, and that after two weeks 
about 50 per cent of the arsenic is not yet excreted (after Clausen and Jean) 
The continuous line indicates the arsenic excretion in the feces, the broken line 
that in the urine 

sodium chlorid, 9 parts each per 1,000) As there was no apparent diminution 
in tlie number of flagellates present in the duodenal contents, it was decided 
to add hydrochloric acid to the flush solution in the hope of rendering the 
environment unfavorable to the parasites, it being commonly supposed that 
gastric anacidity is a predisposing factor to protozoal infestation Accordingly, 
decinormal hydrochloric acid was added to the flush solution in amounts vary- 
ing from 30 to 210 cc, increasing the free acidity of the whole wash to a 
maximum of 22 degrees to the Topfer reagent Six of these acid flushes were 
given in all, the last (tenth) flush of the series taking place on May 24, 1922 
The result of this acid flush treatment was disappointing From the end 
of May to the end of June the patient suffered from persistent pain and had, 
in addition, an attack of diarrhea with as many as ten watery stools a dav 
In July, the symptoms subsided, but an eleventh bile drainage, carried out as 
a check at the end of September, still showed Lamblia present in the duodenum 
At this point it was decided to use neo-arsphenamm intravenously, according 
to the method of Carr and Chandler Three injections, which were technically 




KANTOR—LAMBLIA INFECTION 


703 


mentioned that the peculiar odoi of the stools was not noticed by the 
patient until an interval of about two days aftei the injections 

# 

COMMENT 

What has been notably lacking m the cases published hitherto is 
the proof, by systematic i eexaminations over sufficiently long peiiods 
aftei treatment, that patients are completely and permanently rid of 
the parasitic mvadeis It has been my object, in the case reported, to 
make this demonsti ation as thoi ough as possible during the time iiitei val 
available foi this purpose There is no question in my mind that the 
duodenum and the biliary system of my patient are fiee from Lainhha 
It IS perhaps possible that cysts from some focus lower down in the 
intestine ha\ e been overlooked in the stools I hope to keep the patient 
under obser^ ation and to report results at some f utui e time 

CONCLUSIONS 

1 Lambba infection is sufficient!}’- common to invite the diagnostic 
and theiapeutic interest of all physicians 

2 The positive diagnosis of lambhasis may be made fiom an 
examination of the stools for cysts, or even more leadily, of the 
duodenal contents for the flagellate forms 

3 Lambba infection is manifested clinically by a colitis, with oi 
without diarrhea, and probably commonly by an associated cholecystitis 
as veil 

4 Lambba infection cannot be uprooted by tieatment with diugs 
acting only from within the intestinal lumen We have in the intrave- 
nous administration of arsenicals (arsphenamm) a powerful and pei- 
haps a specific method of attack The success of this treatment is due 
to the secretion of aisenic by the entiie gastro-intestinal and biliaiy 
mucosa, thus destioymg not only the supeificial but also the deep- 
seated (penetrating) protozoal paiasites as well 

5 The initial dose of arsphenamm (oi neo-arsphenamin) should be 
as large as possible (equivalent of 0 6 to 09 gm neo-arsphenamin for 
an adult) so that Lambba oiganisms do not develop an immunity as 
they might from smaller beginning doses 

6 In Older to pi event or at least to detect a tendency to serious 
immediate leaction to the large dosage recommended, a preliminary 
small “desensitizing” dose (about 0 2 gm ) should be given If no 
untoward effects occur within an hour, the lest of the initial dose may 
be safely administered 

Since the foregoing was written, three more bile diainages (June, July 
and September, 1923) have similarly proved negative for Lambba 
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mention this parasite as a possible factor in the production of biliary 
symptoms Is it not time to add the concept of Lamblia cholecystitis 
to the other recognized forms of gallbladder infection^ 

Furthermore, m one of Simon’s recent cases (Case 4) strikingly 
similai m its course to that m the case reported — the clinical observation 
was carried a step further m that the gallbladder was removed after 
arsphenamin injections had caused the disappearance of organisms from 
the bile, and that fresh scrapings from the gallbladder mucosa failed to 
reveal the presence of Lamhlia organisms It seems fair, therefore, to 
conclude that we have now strong evidence showing that a gallbladder 
infested with Lamhha can be actually freed fiom its protozoal invaders 
by the intravenous administration of arsphenamin If this is really so, 
we are dealing with what is perhaps the fiist successful instance of 
a specific therapy for a known souice of gallbladder infection 

Finall)'^, it appears from the observation of our own case as well as 
that of others, that the elimination of the pnmary Lamhha infection 
IS by no means synonymous with the cure, or at least with the immedi- 
ate cure, of the associated cholecystitis This may be because we still 
get the cases after the original parasitic insult to the biliary mucosa 
has developed into the ordinal y chionic, nonspecific form of cholecystitis 
It is to be hoped that the eaily lecognition and treatment of giardiasis 
— that IS, before the biliary symptoms occur — will lead to the complete 
elimination of this form of gallbladder complication 

NATURE OF THE REACTION FOLLOWING NEO-ARSPHENAMIN 

Because of its delayed onset it may be assumed that the leaction 
experienced by the patient Avas not anaphylactic m the ordinary sense 
of the term Perhaps the two most plausible explanations are the 
following 1 The systemic upset may have been a response to the 
sudden destruction of enormous numbers of foreign oigamsms through- 
out the digestive tract with the liberation and absorption of hypothetic 
toxins 2 The reaction may have been due to the neo-arsphenamin 
injection itself, owing to the failure on the part of a previously damaged 
livei to detoxicate the relatively large doses of arsenic which were 
1 equired by the treatment This would be m keeping with the accumu- 
lating evidence that many of the aisphenamm reactions are due to 
hepatic insufficiency 

Our failure to find arsenic in the intestinal contents (duodenal and 
fecal) after the injection of neo-arsphenamin is best explained — 
assuming that the tests were technically reliable — by the assumption 
that, owing to the presumably damaged state of the biliary and intestinal 
mucosa, the excretion of the heavy metal was delayed beyond the few 
hours dunng which our specimens were collected It may also be 



A STUDY OF THE BASAL AND NITROGENOUS 
METABOLISM IN A CASE OF ACUTE LEUKEMIA 
DURING ROENTGEN-RAY TREATMENT- 

W G LENNOX, MD, and J H MEANS, MD 

BOSTON 

The cases of acute leukemia in which the nitrogen balance has 
been studied have shown a marked nitrogen loss Ebstein,^ in 1889, 
reported a case which shoved a twenty-four hour urea excretion of 
62 7 gm jMagnus Levy," in 1898, reported three cases The first had 
a negative nitrogen balance of 24 8 gm m forty hours, the second a 
negatn e balance of 85 4 gm in seven days , the third, m which nitrogen 
intake was not calculated, a urinary nitrogen which averaged 21 gm 
a da} for seven da}S Edsall,^ m 1905, found in his case a negative 
nitrogen balance of 22 2 gm in twenty-four hours 

We have not seen observations on the basal metabolism in acute 
leukemia, nor have we seen observations on the eflfect of radiation on 
the basal or nitrogenous metabolism of patients suffering from this 
disease Patients with chronic leukemia almost invariably show an 
increased basal metabolic rate ^ Following successful roentgen-iay or 
radium treatment the rate falls Such a fall is usually coincident with 
reduction in the number of immature leukocytes ° Following radiation, 
theie IS increased excretion of nitrogen in the urine ° 

REPORT OF A CASE 

A girl, aged 18 j^ears, entered the East Medical service of the Massachusetts 
General hospital on Jan 21, 1921 Her family and past history were unimpor- 
tant She had felt well until three weeks before entrance At that time, while 


*From the medical service and medical laboratory of the Massachusetts 
General Hospital, aided in part by a gift from Dr William Norton Bullard 

1 Ebstein Acute Leukamie und Pseudoleukamie, Deutsch Arch f klin 
Med 44 343, 1889 

2 Levy, Magnus Ueber den Stoffwechsel bei Acuter und Chronischer 
Leukamie, Virchows Arch f path Anat 152 107, 1898 

3 Edsall, D L A Case of Acute Leukaemia with Some Striking Clinical 
Features, Tr Assn Am Phys 20 279, 1905 

4 Murphy, J B , Means, J H , and Aub, J C The Effect of Roentgen 
Ray and Radium Therapy on a Patient with Lymphatic Leukaemia, Arch Int 
Med 19 890 (May) 1917 Gunderson, H H The Basal Metabolism m 
Myelogenous Leukaemia and Its Relation to the Blood Findings, Boston M & 
S J 185 785, 1921 Boothby, W M , and Sandiford, I Summary of the Basal 
Metabolic Data on 8614 Subjects with Especial Reference to the Normal Stand- 
ards for the Estimation of the Basal Metabolic Rate, Jour Biol Chem 54 783, 
1922 

5 Gunderson, H H Footnote 4 

6 Musser, J H , and Edsall, D L A Study of Metabolism m Leukaemia 
Under the Influence of the X-Ray, Tr Assn Am Phys 20 294, 1905 Ordway 
T , Tait, J , and Knudson, A Metabolism m Leukaemia and Cancer During 
Radium Treatment, Albany Med Ann 41 1, 1920 
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7 When, for any reason, intravenous arsphenamin therapy is not 
available, it is suggested that satisfactory results may be obtained by 
the intrarectal exhibition of this drug provided sufficiently large doses 
(4 gm neo-arsphenamin) are made use of 

8 A case is reported of Lambha infection associated with chole- 
cystitis and colitis The parasitic infection promptly responded to 
three injections of 0 9 gm each of neo-arsphenamm and has remained 
cured, as shown by repeated reexaminations, for a period of half a year 


Synoptic Review of Theiapy tn a Case of Lambhasts 


Serial 
Number 
of Bile 
Drainage 

Date 

j 

Form of Tliernpy 

Lamblia 

In 

Duodenal 

Contents 

In 

stool 

1 

(1922) 
May 3 

Hjpertonic saline flush 

O- 


2 

May 5 

Hypertonic saline flush 



3 

May 8 

Hypertonic saline flush 

+ 


4 

May 11 

Hjpertonic saline flush 

+ 


5 

May 12 

Hjpertonic plus n/10 hydrochloric acid 30 c c 

+ 


G 

May 13 

Hjpertonic plus nno hj'drochloric acid 90 c c 

+ 


7 

May 15 

Hypertonic plus n' 0 hjdrochloric acid 90 c c 

+ 


8 

May 19 

Hypertonic plus n/10 hjdrochloric acid 180 c c 


i 

9 

May 21 

Hypertonic plus n/10 hydrochloric acid 210 c c 



10 

May 23 

Hjpertonic plus n/10 hjdrochloric acid 110 c c 



11 

Sept 24 

None 



12 

Oct 7 
Oct 12 
Oet 22 

First dose of neo-arsphtnamin 0 9g 

Second dose of arsphenamin 0 9 

None 

0 

i 

13 

Oct 28 

Third dose of neo arsphenamin 0 9 

0 

0 

14 

Nov 12 

None 

0 


15 

Dec 3 

None 

0 


16 

(1923) 
Jan 14 

None 

0 


17 

Feb 18 

None 

0 


18 

Mar 10 

None 

0 

0 

19 

Mar 25 

None 

0 

0 

20 

Apr 1 

None 

0 

0 

21 

Apr 8 

None 

0 

() 

22 

Apr 14 

None 

0 

0 

23 

Apr 22 

None 

0 

0 










NUMBER. 



The days of observation are indicated at the bottom of the chart Above 
this IS the daily intake of fat, piotcin and carbohydrate, cxpiessed in calories 
Question marks indicate that an undctci mined amount of food was lost because 
of vomitmc: This amount was small except on the last two days, when no 
food was retained Above this a solid line marks the grams of nitrogen con- 
tained in the food and a dotted line the giams of nitiogen excieted in mine and 
feces The double headed arrows indicate the days on which roentgen-ray 
treatments were given The words “cervical, axillaiy," etc, denote the glands 
which were irradiated Basal metabolism is lepresentcd by solid columns 
which express the percentage increase above the metabolism of a normal person 
of the same age and sex and of equal surface area The solid line connecting 
these columns indicates the temperature, and the broken line the pulse, at the 
time of the test, about 11 a m At the lop 6f the chart, the lower broken line 
indicates the early morning temperature and the upper broken line the evening 
temperature The solid line represents the leukocyte count 
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at her work in a shoe factory, she felt faint and feverish She walked home 
and went to bed Eight days before entrance she became jaundiced, with accom- 
panying headache, naseau and vomiting At this time, also, her mother noticed 
swelling of the cervical glands, and a few days later of the inguinal glands 
Enlargement of the spleen had not been noted Her weight was 20 pounds (9 
kg ) less than it had been three months before 

On entrance to the hospital, the patient was pale The cervical, axillary, 
epitrochlear and inguinal glands were greatly enlarged The spleen reached 
to the umbilicus Fundus examination of the right eye showed two patches 
of hemorrhage The urine was negative, the red cells numbered 2,240,000, hemo- 
globlin (Talquist) was 55 per cent, the bleeding time was thirteen minutes, and 
the clotting time (method of Lee and White’) the same The leukocytes num- 
bered 28,000, a differential count revealed 10 per cent polymorphonuclears, 
60 per cent lymphocytes and 28 per cent large mononuclears Of the red cells, 
10 per cent were reticulated and 17 per cent nucleated On examination of the 
stained smear. Dr George R Minot found erythroblasts of all types present 
There was almost no shape variation and slight variation in size but all 
degrees of polychromatophilia were present Young red cells were considerably 
increased Eosinophils were rare, young polymorphonuclears numbered about 
8 per cent and the majority of the cells looked lymphoblastic 

There was some doubt concerning the acuteness of the disease, and it was 
decided to give the patient the benefit of this doubt and institute roentgen-ray 
treatment After the first few weeks, however, the course of the disease was 
progressively downward The red cells fell to one million, hemogloblm to 30 
per cent and the platelets to 70,000 The white cells were too immature to per- 
mit differentiation between the myelogenous and lymphatic forms of leukemia 
Blood nonprotein nitrogen remained normal, but blood uric acid rose from 
4 7 mg per 100 c c of blood on the eighteenth day of the period of study to 
8 mg on the forty-first day During the last two days of life there were 
extensive hemorrhages in the skin, intestines and urinary tract Death occurred 
eleven weeks after the onset of symptoms The short duration of the disease 
and the blood picture justified the diagnosis of acute leukemia Unfortunately, 
permission for necropsy was not secured 

BASAL AND NITROGENOUS METABOLISM OE PATIENT 

Soon after the admission of the patient, we decided to study her 
basal and nitrogenous metabolism This was done for a period of 
fifty days, until death occurred During this period the patient wms on 
a w^eighed diet prepared by Miss Campbell, the hospital dietitian The 
diet consisted of 65 gm of protein (supplying 1 4 gm of nitrogen per 
kilogram of body weight), 92 gm of fat (on the thirteenth day 
increased to 116 gm , and 240 gm of carbohydrate This yielded about 
2,050 calories, which was about 10 per cent above the patient’s basal 
lequirement Body weight throughout the period remained nearly 
constant 

The total nitrogen of the tiventy-four hour urine was determined 
by the colorimetric method ® Stools W'-ere collected for a period of five 
day's and the contained nitrogen ivas found to be 11 gm per day 

7 Lee, R I , and White, P D A Clinical Study of the Coagulation Time 
of the Blood, Am J M Sc 145 495, 1913 

8 Folin, O Laboratory Manual of Biological Chemistry, New York, 
D Appleton & Co , 1922, p 131 



MELANURIA WITHOUT MELANOSARCOMA ■“ 

REPORT OF A CASE 
JOHN P PETERS, MD 

NEW HAVEN, CONN 

This case is reported because of the occurrence of melanuria 
without aii}'^ evidences duiing life or at postmortem examination of 
any abnormal source of pioduction of the pigment 

CASE REPORT 

Hist 0 }y — W S, a school boj, aged 13, born of American parents, was 
admitted to the New Ha\en Hospital on March 6, 1922, complaining of 
progressive enlargement of Ins abdomen and increasing weakness and drowsi- 
ness His famih history was not significant His past history was unimportant 
except for frequent nose bleed since childhood and headaches occurring with 
increasing frequenc} for a year before admission to the hospital Three 
months before admission the patient noticed that his abdomen was growing 
larger At the same time he began to complain of a constant tired feeling His 
mother noticed that he seemed drowsy all the time, and his teacher complained 
that he fell asleep at school He also became irritable Although his weight 
increased constantlj, his appetite diminished As the enlargement of his abdo- 
men continued, he developed increasing shortness of breath on exertion His 
skin also became sallow and yellowish A w'eek before admission he began to 
vomit The vomiting occurred ever}’’ other day, usually after a meal, the vomitus 
consisting of thick, ycllowush material With the onset of the vomiting he 
began to ha\e a slight, dry cough 

Physical Exammalion — Examination on admission revealed a well 
developed, moderatel} w’ell nourished boy, lying quietly m bed, apparently in 
no distress, mentally clear, but rather drow'sy and apathetic His respirations 
w’ere somewdiat rapid and shallow' His skin and mucous membranes w'ere 
pale, with a slight yellow'ish tinge, but there w'as no definite icterus His hair 
w'as black, his natural color apparently somew'hat dark, with small freckles on 
his nose but no evidences of any abnormal pigmented lesion There w'ere 
small, herpetic lesions on both lips His tonsils w'cre moderately enlarged but 
show'ed no signs of active inflammation His lungs show'ed dulness behind 
extending as high as the scapular angle on the left and somew'hat higher on the 
right side Over these areas breath and voice sounds w'ere diminished The 
cardiac impulse w'ds diffuse and foicible, extending 14 5 cm to the left, w'ell 
beyond the nipple line Auscultation revealed a systolic murmur, maximum 
over the pulmonic area, but transmitted also to the apex The pulse was 
regular — rate 82 — and of good quality The blood pressure was systolic, 110, 
diastolic, 60 His abdomen was protuberant, rounded, smooth and tense, with 
distinct dulness in the flanks and a fluid wave In the left hypochondrium was 
a large mass, extending about 7 cm below the costal margin in the direction 
of the umbilicus, presenting a sharp edge and descending slightly on deep 
inspiration In the midhne a sharp edge could be felt about 4 cm below the 
xiphoid, but no liver edge could be felt m tbe right hypochondrium There 
was moderate, pitting edema of the feet, legs, thighs and lower part of the trunk 
There was no general lymphatic enlargement The reflexes were normal 


"^From the department of internal medicine of Yale University and the 
medical service of the New Haven Hospital 
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This average amount was added to the urinary nitrogen to give the 
nitrogen output Unmeasured but small amounts were lost through 
occasional nose bleed During the last two days nitrogen loss through 
hemorrhage was large The patient did not menstruate during the 
period of study Oxygen consumption was measured by means of a 
Benedict portable apparatus Determinations were made with the 
patient in her own bed in the ward In order to interfere as little as 
possible with the patient’s meals, determinations were made four hours 
after her breakfast, a meal largely carbohydrate containing about 500 
calories Oxygen consumption was thus measured under standard, 
rather than under basal, conditions Separate experiments on normal 
subjects showed that in four hours after a meal of this type the metab- 
olism had returned to within 5 per cent of its basal level Roeiitgen- 
lay treatments were given under the direction of Dr George W Holmes 
In each exposure a suberythema dose was used 

SUMMARY 

The principal data of this study aie presented graphically in the 
chart Inspection of the chart reveals these facts 

1 The patient maintained a positive nitrogen balance of a gram 
or two on a normal nitrogen intake of about 10 gm a day This find- 
ing IS contrary to the observations quoted in the beginning paragraph 
Our patient showed an unusually low leukocyte count Apparently the 
processes of cellular metabolism, such as the relative intensity of 
leukocyte production and destruction, were different in our patient and 
those previously reported This question of the level of nitrogenous 
metabolism in acute leukemia deserves more extended study 

2 The nitrogen balance was little affected by roentgen-ray exposure 
of the superficial lymph nodes Radiation of the thoracic glands and 
the spleen, on the other hand, produced a marked increase in urinary 
nitrogen This effect was, however, transitory 

3 Leukocyte count and nitrogen balance were, in a general way, 
reciprocal factors A rising leukocyte count accompanied nitrogen 
retention, and a falling count nitrogen loss 

4 Leukocyte count, temperature and basal metabolism moved 
together The leukocyte count was, however, more labile than the 
other two On two occasions the count fell to normal At these times 
the evening temperature remained elevated and the metabolism was 
but little affected The metabolism seemed to be a truer indicator of 
the severity of the process than the leukocyte count 
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dominantly lymphocytes No tubercle bacilli could be found on direct smear, 
and guinea-pigs that had received injections failed to developed signs of 
tuberculosis 

Com sc — Thioughout his stay in the hospital the physical signs remained 
about the same There was a constant accumulation of fluid in the abdomen 
and chest that demanded repeated paracentesis After the first few daj’^s in the 
hospital he began to show an irregular temperature, rising at times as high 
as 102 F Blood cultures were negative, and there was no leukocytosis Shortly 
after admission he developed a mild diarrhea, which lasted three or four days 
At about the same time the subcutaneous edema increased rapidly, urine volume 
diminished, and the salt output was found to be very low The urine showed 
no morphologic changes, however 

On March 27, three weeks after admission, he was suddenly seized with 
severe pain in the left flank, not radiating, accompanied by vomiting of 
undigested food The vomiting did not iclieve the pain Some diffuse tender- 
ness was found in the left flank, and red blood cells appeared in the urine The 
tenderness and hematuria lasted only a few days About this time, distention 
of the abdominal veins became quite striking 



Fig 2 — Cross section of livei showing the small islands of liver tissue and 
the greatly increased connective tissue between them 

The letention of salt and water increased in spite of the most rigid dietary 
restrictions At times as little as 0 1 gm of sodium chlond was found m a 
twenty-four hour urine specimen, and the total urinary output was usually less 
than 500 cc From time to time, usually in the morning, he vomited material 
containing food particles Anemia increased slowly, but the yellow color of his 
skin became more marked 

Although It was evident that his general condition was deteriorating in spite 
of the temporary relief of symptoms afforded by repeated paracentesis, no 
marked change occurred until the morning of May 12, when he had a sudden 
attack of vomiting before breakfast From this time on vomiting was persistent, 
and he suffered from distressing upper abdominal distention that resisted all 
efforts to relieve it He became steadily weaker, and died m the morning of 
May 14 

Additional Laboratoiy Findings — Blood nonprotein nitrogen on March S 
was 25 mg per 100 c c , on March 29, 28 mg , postmortem, 91 mg (blood urea 
nitrogen, 21 mg) Blood sugar on March 8 was 116 mg per 100 cc The 
urine gave no reactions for bile until three or four days before death Plasma 
obtained at necropsy was distinctly bile stained, but the abdominal fluid con- 
tained no bile 
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Labotatoiy Exaininatwns on Admission — Radiographic examination of the 
chest and abdomen revealed right hydrothorax, the left side of the chest was 
clear, but the heart was displaced to the left, the splenic tumor gave a distinct 
shadow, but the liver did not appear to be enlarged The blood count revealed 
red blood cells, 3,300,000, hemoglobin, 70 per cent, white blood cells, 6,100, 
polymorphonuclears, 65 per cent , lymphocytes, 28 per cent , large mononuclears, 



Fig 1 — Spleen above and liver below, showing the gross pathologic changes 
and the comparative size of the two organs 

6 per cent , eosinophils, 1 per cent Smear showed moderate achromia , there 
i\ere no nucleated red cells nor basophilic stippling The urine was light yellow 
and acid The specific gravity was 1 019, there was no albumin or sugar The 
sediment was negative The Wassermann test was negative Intracutaneous 
tuberculin (%o mg ) gave a positive reaction The chest fluid and abdominal 
fluid were both sterile and of rather low specific gravity, with cells, pre- 
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In the spleen, the malpighian corpuscles were reduced in number, and some 
had about their peripher}' an accumulation of red blood cells forming a dense 
boundary The sinuses were well filled with red and white blood cells and 
the fibrous reticulum was markedly increased 

The architecture of the liver was altered so that there were everywhere 
circular zones of cells surrounded by dense bands of connective tissue The 
liver cells w^ere granular and pale staining They showed changes of degenera- 
tion, and in some areas w'ere lacking m nuclei and had protoplasm that stained 
a homogeneous, pale pink These cells were necrotic In mam zones the 



Fig 3 —Microscopic sections of liver tissue, illustrating the loss of normal 
hepatic structure and the increase of fibrous tissue The high power sections 
show the character of the degenerative changes in the liver cells, regeneration 
from the bile duct cells and the nature of the infiltration with both polymorpho- 
nuclear and mononuclear cells There is no evidence of excessive pigmentation 

spaces between the liver cells were filled with polymorphonuclear leukocytes, 
and m several of the circular masses there were spaces left vacant by the 
disappearance of liver cells These areas were filled with connective tissue 
The fibrous tissue surrounding the liver cells was dense, and m it were many 
mononuclear cells and numerous bile ducts, some of which were m continuity 
with liver cells and appeared to be proliferating In some zones polymorpho- 
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Ncciopsy — Because of restricted permission, necropsy was performed 
through a small abdominal incision The organs, with the exception of the 
liver and spleen, were examined m situ and not removed 

The conjunctivae and the skin of the body were pale and had an icteric tint, 
but showed no pigmented lesions The face, trunk and extremities appeared 
edematous The abdomen was greatly distended, and the superficial abdominal 
veins were prominent The peritoneal cavity contained approximately 2000 
c c of clear, thin amber fluid The vessels of the parietal peritoneum were 
enlarged and prominent The abdominal contents appeared to be normally 
disposed The lower pole of the spleen projected below the costal margin on 
the left side The liver edge lay beneath the arch of the ribs The stomach 
was moderately full, and the wall of the upper portion of the small intestine 
was dark The right pleural cavity contained 500 c c of straw colored fluid 
The left pleural cavity contained no excess of fluid There were no adhesions 
on either side In the pericardial sac there were about 25 c c of clear, pale fluid 
The heart was not removed, hut appeared, as viewed through the abdominal 
incision, to be small and normal The right lung, examined in the same way, 
appeared collapsed and atalectatic, the left lung was large, voluminous and 
crepitant 

The stomach contained a large amount of blackish red, grumous material 
The vessels of the mucosa were injected The duodenum contained bile and 
a quantity'- of material similar to that found in the stomach The upper 6 feet 
(1828 cm ) of the small intestine contained material like that found in the 
stomach The submucosal vessels were intensely injected in many places 
Otherwise, neither small nor large intestines showed any abnormalities The 
bile and pancreatic ducts joined and emptied at the ampulla of Vater, and were 
all patent The pancreas was not removed, but section in situ revealed no 
gross changes in the organ 

The suprarenals showed no striking abnormalties 

The kidneys were not removed They were of average size On section, in 
situ, the capsules stripped readily, the markings were distinct, the cortex normal 
in thickness The entire organs had a distinct y'ellowish green tint 

The spleen weighed 325 gm and measured 17 by 8 by 3 cm It was firm 
and retained its shape after removal The capsule was smooth There were 
three small notches anterior to the proper hilus On section it was firm, 
maroon in color, and the trabeculae were prominent The cut surface was 
smooth, but did not protrude The pulp was not excessive, and the malpigman 
bodies were not discernible 

The liver weighed 525 gm and measured 15 by 12 by 7 cm Its surface 
was roughened bj' projecting, yellowish brown nodules which averaged from 
3 to 4 mm in diameter The capsule was thickened and wrinkled The 
organ cut with resistance and the cut surface was everywhere marked by small 
yellowish green nodules from 3 to 4mm in diameter, projecting from the 
surface and separated by grayish brown zones Some of these nodules were 
definitely bile colored The central veins were not prominent, and the destruc- 
tion of liver lobules was not apparent The striking changes were the hobnail 
appearance, the decrease m size of the organ, and the increase of connective 
tissue in all portions 

The gallbladder contained a small quantity of y^ellowish green bile, together 
with considerable tenacious mucus 

Mtcioscoptc Rotes — The lungs, pleura, stomach, intestines, pancreas and 
suprarenals showed no remarkable abnormalities 

In the kidneys, the epithelium of the convoluted tubules was swollen and 
granular and the nuclei showed various stages of degeneration but the 
lumina of the tubules were free The blood vessels of the glomeruli and the 
pyramids uere well filled, and the tubules in the pyramids were unchanged 
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tion of the oxidation tests revealed even larger amounts of melanin than were 
found on the first occasion and further investigation was undertaken a few 
days before the patient’s death 

Although the urine on some days was distinctly dark, there was little 
tendencj’’ to spontaneous oxidation at room temperature The urine was 
highly colored with urobilin and some bile and showed a heavy precipitate 
of urates on standing After only a few minutes on the steam bath, it became 
very dark, and a black precipitate slowly settled out The addition of bromin 
water, ferric chlorid or nitric acid produced a similar precipitate The pre- 
cipitate formed after the addition of bromin water or nitric acid dissolved m 
carbonate solution, but could be reprecipitated by acidification with hydro- 
chloric acid It was difficult to obtain solution of the ferric chlorid precipitate 
because of the heav}' precipitate of phosphates that was produced in the reac- 
tion Solution and reprecipitation could be repeated indefinitely b}'’ the alternate 
addition of alkali and acid The urine did not become dark after the addition 
of alkali, nor did it reduce alkaline copper solutions 

Seteial other urines have been subjected to the same treatment with 
entirely negative results Among those chosen were specimens from 
(1) a patient with moderately advanced hypertrophic cirrhosis of the 
liver and ascites, (2) a patient with symptomatic purpura, venous 
thrombosis, compensated cardiac valvular disease and enlarged livei 
(this urine contained considerable uiobihn) , (3) a patient with carci- 
noma of the head of the pancreas and complete biliary obstruction, with 
a large liver, (4) a patient with carcinoma of the stomach, severe 
anemia and extensive metastases m the liver, (5) a patient with 
Banti’s disease 

ISOLATION OF MELANIN 

When it became clear that the material was undoubtedly melanin, 
an attempt was made to isolate it As this was begun only three 
days before the patient’s death, the amount recovered was not gieat 
The method of isolation described by von Jacksch (precipitation by 
basic lead acetate, removal of the lead by filtration after treatment by 
hydrogen sulphid and evaporation of the filtrate) proved unsatisfactory 

In the urine of A G , the patient with known melanotic saicoma, 
the lead acetate removed the pigment, but it proved impossible to 
liberate it without great loss from the lead sulphid precipitate The 
method finally employed consisted of (1) development of the color 
and concentration of the urine by partial evaporation on the steam 
bath, (2) precipitation by bromin water after acidification with con- 
centrated hydrochloric acid, (3) recovery of the precipitate by 
centrifugalization , (4) repeated solution and reprecipitation in large 
centrifuge tubes by the alternate addition of strong sodium carbonate 
solution and concentrated hydrochloric acid (the latter added drop by 
drop until somewhat beyond the point of cessation of effervescence) , 
(5) washing of the precipitate with 01 normal hydrochloric acid 

The first precipitation was always incomplete, the supernatant fluid 
remaining highly colored Fuither concentration of the fluid yielded 
another precipitate Even repeated concentration, however, failed to 
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nuclear leukocytes were found in great numbers in the tissue There was fat 
everywhere in the form of small and large droplets The central veins were 
not easily identified, and the hepatic artery, portal vein and bile duct usually 
found at the periphery were much distorted 

Stains for fat and iron on liver sections showed a great quantity of fat 
in the organs but essentially no iron 

The anatomical diagnosis was cirrhosis of the liver, chronic splenic luinor, 
ascites, hydrothorax, jaundice and hemorrhage into the stomach and duodenum 
For some time before his death the urine contained constantly large amounts 
of a chromogenic material that gave all the typical reactions of melanin This 
was first discovered accidentally The urine of another patient, A G, sus- 
pected of advanced melanosarcoma, was tested for melanin It gave typical 



Fig 4 —Microscopic section from spleen 


reactions after the addition of oxidizing agents, although it darkened only 
slightly when exposed to the air at room or icebox temperature As a control, 
a specimen of urine from W S was exposed to the same oxidizing agents 
The only reasons for choosing this specimen were that it was the most highly 
colored, concentrated urine at hand After oxidation with bromin water and 
uith ferric chlorid a definite black precipitate formed, which was almost as 
marked as that formed m the urine of the patient suspected of melanosarcoma 
It seemed so inconceivable that W S could be excreting melanin that the 
only immediate result of this observation was to cast doubt on the specificitj 
of the tests 

An exploratorj’^ operation, however, confirmed the diagnosis of melano- 
sarcoma with extensive metastases m A G Shortly after this it was noticed 
that on some days W S ’s urine became distinctly dark on standing Repeti- 
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was quite similar to that of the alkaline solutions Specti oscopic 
examination of the solutions revealed no absoiption bands in the visible 
spectrum 

COMMENT 

So fai as we have been able to determine, this is the first case in 
which melanuria has been repoited as occuning in a person who 
showed no evidence of the piesence of a pigmented tumor What 
is perhaps more lemarkable is the fact that none of the important 
viscera showed any abnormal pigmentation of the melanotic type The 
patient was of the black haired, dark skinned type, indicating a natural 
tendency to pigmentation, but the skin revealed no localized areas of 
excessive pigment deposition There was nothing in the chemical 
analyses of the urinary pigment that differentiated it from other 
specimens of melanin 

The stiikmg pathologic lesion discoveied at necropsy was an 
extreme reduction of liver substance, apparently due to a destructive 
inflammatory condition which the patient had suiwived long enough to 
permit considerable repair and connective tissue replacement Unless 
we except the melanuria, there is nothing in the clinical oi pathologic 
picture that cannot be adequately accounted for on the basis of such 
a lesion alone The question may leasonably be raised whether the 
melanuria was not also dependent on the hepatic lesion 

Eppinger,^ in an extensive review of the subject, claims that the 
mere presence of a melanotic sarcoma in the body, no matter how 
extensive, will not produce melanuria Melanin, he says, appears m 
the urine only after the liver has been extensively invaded by metastases 
He argues from this that the normal liver breaks down melanin that 
escapes into the ciiculation Only when the livei is injured sufficiently 
to impair its ability to destroy melanin does the latter appear in the 
urine It is conceivable that some of the melanotic pigments that 
produce the normal coloration of a dark person might find access to 
the blood and, in the absence of normal liver function, fail to be 
destroyed and thus pass into the urine This could, however, hardly 
account for the melanuria in this case, because the quantities of pig- 
ment recoveied were too great The amount obtained m three days was 
more than 1 gm , the total estimated amount of coloring mattei found 
in the skin and hair of a dark negro In spite of the negative clinical 
and pathologic findings, an excessive production of melanin must be 
assumed, the source of which remained undiscovered 

The case is of interest because it indicates that melanuria can occiii 
in the absence of melanotic sarcoma If investigation of similar cases 
reveals the same condition, a new light may be thrown on the metabolism 
of this interesting group of pigments 


1 Eppinger Biochem Zchnschr 28 181, 1910 
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remove all the color from the original fluid Some color was appar- 
ently lost in the first reprecipitation also After the second reprecipi- 
tation, however, the supernatant fluid came away practically clear 
With the first precipitate a large admixture of acid salts was obtained 
These were washed out and carried away in subsequent precipitation 
It was later found that repeated washing of the first precipitate with 
0 1 normal hydrochloric acid hastened this process The first precipi- 
tation, however, was more complete in highly acid solutions 

Because of the relatively small amount of urine available, no 
attempt was made to obtain the unoxidized melanogen by the method 
of Eppinger It seemed safer to try for the melanin alone, because 
the latter by its color afforded constant evidence of its presence and 
an indication of the efficiency of the methods employed for its recovery 
An analysis of the matenal was made b)^ Miss R B Hubbell in 
the department of physiological chemistry The complete report of 
her studies will be published elsewhere These studies, however, con- 
firmed our findings The pigment gave all the usual reactions for 
melanin For comparison, a sample of melanin made from black hair 
and a small amount obtained from the urine of A G were also 
analyzed The results for nitrogen, ash, and sulphur are shown in the 
table 


Results of Analysing Melanin fiom Black Han and fiom Unite 


Sample 

Nitrogen 

(Ash-Free) 

Ash 

Sulphur 

Iron 

From hair 

12 80 

160 

2 50 

0 

W S 

1100 

1190 

221 

0 

A G 

8 72 

3 34 


0 


The amounts of nitrogen and sulphur were quite comparable to 
those obtained from the sample of prepared melanin and agree with 
analyses of melanin found by others in urine from patients with 
melanotic sarcoma The nitrogen in the sample from A G was con- 
siderably lower The sulphur content was also quite typical On the 
other hand, the ash from the W S sample was very high This may 
well be due to impurity The amount of material available was not 
sufficient to permit attempts at further purification 

A study of the solubilities of the pigment gave some rather 
interesting results Besides the ordinary solubilities which are described 
as the characteristic properties of melanin, the material from W S 
also showed some distinctive atypical solubilities It dissolved freely 
m amyl alcohol and to a lesser extent in butyl alcohol and ethyl alcohol 
The specimen obtained from hair proved insoluble in all these solvents, 
and the sample from A G was only slightly soluble in butyl alcohol 
and insoluble in amyl and ethyl alcohol The color of these solutions 
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and, in fact, on such a great variety of bodily activities that the 
condition of the heart itself may be entirely obscured and gravely 
erroneous conclusions reached 

Since the advent of the electrocardiogiaph, attempts have been 
made to con elate the findings of abnormal deflections in electro- 
cardiographic tracings with definite pathologic conditions of the heart 
muscle While data on this particular point are still m the process of 
being foimulated, we may safely say that certain of these abnormal 
deflections are coming to be regarded moie and more as indicative of 
myocardial damage 

The two groups of deflections which have been paiticularly regarded 
with significance are the Q-R-S group and the T-waves 

The Q-R-S group normally should not exceed one-tenth of a second 
111 duration, and in a tracing that shows a longer duration we are 
justified in assuming that there is defective conduction through one or 
the other ventricle Again, a notching of the Q-R-S group in leads 
other than Lead III has come to be regarded as additional evidence of 
myocardial damage Occasionally we find this abnormal width of the 
Q-R-S group associated with a notching or slurring of the waves 
The conduction system is regaided as specialized heart muscle, and 
constitutes only a small percentage of the total heart muscle tissue 
We know that it may be disturbed functionally without necessarily 
being organically damaged In cases in which the conduction system 
shows this evidence of persistent impairment, it does not necessarily 
follow that the rest of the cardiac muscle is also impaired 

Nevertheless, in many cases, organic disease of the heait is an 
accompaniment of a defective conduction system The heart may 
recover from widespiead infection, leaving some residual scar tissue 
If this should happen to be m some part of the conduction system, we 
may get rather startling electrocardiograms in an otherwise normal 
person It would seem rather infrequent, however, for this relatively 
small area of the heart to be damaged without affecting other areas m 
the myocardium 

The other gioup of deflections which have come to be regarded as 
giving us some information concerning the state of the myocardium are 
the T-waves Normally these waves are upnght, although occasionally 
in Lead III we may find them inverted, and an inversion of the T-wave 
in Lead III is usually regarded as of no particular significance How- 
ever, an inversion of the T-wave in Lead I or II, or both, or in all 
three leads, cannot be disregarded The association of these abnormal 
deflections, in leads other than Lead III, with definite myocardial 
damage, has now been demonstrated sufficiently often to render their 
occurrence in a given case a rather bad omen 
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The electrocardiograph has definitely established itself as an inval- 
uable aid in the diagnosis of the arrhythmias In this respect, it is 
universally admitted that it is superior to the polygraph As a rule, 
electrocardiographic tracings give us a clear-cut picture of the mecha- 
nism of the heart, the spread of the excitation wave and the presence 
or absence of an abnormal rhythm 

The additional data made available through electrocardiographic 
studies can be applied clinically with great advantage to both the 
patient and the physician With this additional knowledge that the 
electrocardiograph has placed in the hands of the physician, he is able 
in most instances to make the correct diagnosis of an arrh}dhmia by 
physical examination alone Nevertheless, when any question arises 
regarding the precise mechanism of the heart, the electrocardiograph 
becomes the court of last resort 

Within the last few years, as the result of innumerable tiacings and 
the researches of many investigators, the electrocardiograph has come 
to be regarded as having some additional value to the clinician in the 
way of prognosis As prognosis constitutes one of the most important 
aspects of a cardiac case, any measure which may throw additional 
light on this vital matter should be utilized as a routine procedure 

We are able with a fair degree of certainty to diagnose by clinical 
means the state of the various valves of the heart The condition of 
the conduction system of the heart at any given time can be determined 
by the electrocardiographic tracing But even knowing the state of the 
valves and of the conduction system, we are still left more or less m 
the dark as regards the condition of the cardiac muscle itself, which, 
after all, is probably most important in the vast majority of cardiac 
cases 

We have attempted to devise functional tests which will give us 
information regarding the state of the cardiac muscle The great 
number of these tests proposed is in itself evidence that no test is 
enirely satisfactory Each of the various tests devised depends for its 
result not only on the integrity of the heart muscle but also on the 
nervous mechanism, the respiratory apparatus, the state of the blood 
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standpoint of piognosis and justifies the use of the electiocardiogiaph 
as a valuable clinical adjunct 

Wilson states that when the T-wave is completely mveited m 
Lead I oi 11 and the patient has had no digitalis, cardiac diseases 
may be diagnosed with a fair degree of certainty even when the Q-R-S 
group IS 1101 mal 

As illustiatmg the type of patient to which we refer, a case is 
reported, with electiocaidiogiaphic tiacings and postmortem findings 



Fig 1 — T-wave in Lead I is inverted, and there is some increase in the 
Q-R-S interval Time in fifths and twenty-fiifths of a second 


RLPORT or A CASE 

IEstoiy~A man, aged 71, had been in excellent health until within a few 
months before examination He complained of some shortness of breath on 
exercise, although not sufficient to incapacitate him to carry on his duties, 
which were largely of a supervisory character and involved little physical 
exertion 

Ltoiiima/ioa -—Physical examination revealed a rather marked tortuosity 
of the superficial arteries and the retinal arteries, which showed evidence of 
sclerosis The blood pressure was systolic, 212, diastolic, 112 There was a 
blowing systolic murmur over the apex, and the aortic second sound was rather 
loud and ringing in charactei Occasionally there was a reduplication of the 
second sound at the base 
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It must be kept in mind, however, that the heart is able in many 
instances to recover from the effects of toxins or bacterial invasion and 
that one must exercise great care in invariably giving a bad prognosis, 
even when definite signs of myocardial injury can be demonstrated 
It IS well known that the best cardiac drug in our possession, namely, 
digitalis, may produce significant changes in the electrocardiographic 
tracing, such as an inverted T-wave and a definite pi elongation of the 
conduction time Yet no one would go as far as to say that digitalis 
produces a myocarditis, and we see that when the drug is discontinued 
these changes in the tracing eventually disappear 

The same thing may he said of the acute infectious diseases The 
heart may become involved dunng the course of these diseases and a 
definite myocarditis produced with significant changes in the electro- 
cardiogram, and It is well for the cardiologist to exercise some self- 
restraint in giving his prognosis, even though it may be backed up by 
significant abnormalities m the electrocardiogram It is not unusual 
for these abnormalities to disappear entirely as the patient recovers and 
the heart gradually regains its normal capacity Nevertheless, these 
abnormalities occurring in any gnen case should serve to focus atten- 
tion on the heart, and the patient in every instance should have careful 
supervision, adequate rest and a routine tending to safeguard the heart 
until It has regained its normal functional capacity 

It IS m cases in which these abnormalities in the electrocardiogram 
persist that we feel more at liberty m using the tracing for prognostic 
purposes Their prognostic import becomes all the more significant in 
those cases in which the history of acute illness is absent or remote, 
and in which the symptoms of heart failure come on suddenly as in 
an anginal attack, or insidiously as in the common type of chronic 
myocarditis 

The lesions most frequently found associated with this abnoimality 
of the electrocardiogram are probably hypertension, chronic myocar- 
ditis, arteriosclerosis, angina pectoris, hyperthyroidism, chronic nephri- 
tis and disease of the coronary artery The outstanding caidiac lesion 
m the majority of these cases is usually a fibrosis replacing and 
encroaching to some extent on the cardiac muscle 

A normal electrocardiogram, on the other hand, can nevei be 
regarded as indicating a perfectly healthy myocardium 

Pardee and Master state that ventricular muscle disease is a far 
more important deduction from the finding of abnormal ventricular 
waves than it has been heretofore considered, so that the clinical impor- 
tance of abnormal electrocardiograms becomes more apparent 

Willius states that significant T-wave negativity and an abnormal 
Q-R-S complex in all denviations is of the greatest value from the 
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Neciopsy — The postmortem examination of the heait by Lieut R M 
Choisser. M C . U S Navy pathologist at the Naval Medical School, revealed 
that the heart was large (600 gm ) for the size of the person The epicardial 
fat was 3 'ellowish and normal in amount The superficial vessels were promi- 
nent and distinctly tortuous The coronary arteries were sclerosed and non- 
compressible Their outline was irregular because of the deposition of cal- 
careous material The anterior coronary artery when opened showed the lumen 
narrowed throughout by sclerosis and calcium deposits In the descending 
branch, at a distance of 11 cm from its origin, the lumen became distinctly 
narrow and was completely occluded by a large calcareous plaque No gross 
lesions were demonstrable in the mj'ocardium below this point The lumen of 
the posterior coronary artery was also similarly narrowed throughout its course 
It showed m its descending branch, 5 cm from its origin, a definite narrowing. 
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Fig 3 — Inversion of the T-wave in Leads I and II The Q-R-S interval is 
0 12 seconds The tracing was taken ten days before the death of the patient 

which amounted to almost an occlusion The tricuspid valve measuied 12 cm 
The right ventricular wall was brownish and 11 cm in thickness The pul- 
monary artery showed a few areas of atheromatous changes, normal cusps 
and valve measurement of 6 cm The left auricle was normal, with a wall 
measurement of 7 cm The myocardium of the left ventricle was light brown 
with whitish areas of fibrous tissue throughout , it was markedly hypertrophied, 
being 2 cm in thickness The aorta showed atheromatous changes and plaques 
of calcium deposit The valve measured 7 cm 

On microscopic examination of the coronary arteries, the media showed 
httle change m structure, although its outline was irregular because of the 
protruding structures below The intima was markedly thickened and irregular 
Fibrosis was marked, and some areas showed an accumulation of small 
round cells A calcareous deposit was seen throughout In the places in which 
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The Wassermann reaction was negative, the urine showed albumin and 
granular casts and the blood showed a nonprotein nitrogen of 45 mg 

The electrocardiograph at this time showed a rapid rate which was quite 
regular There was marked left side preponderance The P-R interval ivas 
normal The P-waves were upright and normal m appearance in the three 
leads The Q-R-S interval exceeded one tenth of a second and could therefore 
be said to be definitely prolonged The T-wave was inverted in Lead I Figure 
1 contains the electrocardiograms taken at this time Eighteen days later the 
electrocardiogram showed no essential change from previous tracings except 
for a brief period of extrasystoles arising m the right ventricle and occurring 
at every other beat Figure 2 contains these tracings Two weeks after the 



I 



Fig 2 — A brief period of extra systoles arising m the right ventricle The 
inversion of the T-wave m Lead I and the increased Q-R-S interval persist 

second electrocardiogram was taken a third electrocardiogram showed that the 
resistance was 1,800 ohms, the rate 62 and regular, the P-wave upright and 
normal in the three leads , the P-R interval 0 18 seconds , there was left side 
preponderance and notching of the S-wave m Lead II, the Q-R-S interval 
was 0 12 seconds , the T-waves were inverted in Leads I and II, upright m 
Lead III , following exercise the rate became 95 and one premature contraction 
arising m the auricle was seen, and after two minutes’ rest the rate was 72 
Figure 3 shows the tracings taken at this time 

Cow sc of Illness — In view of these findings, together with the result of the 
physical examination, a grave prognosis was made The patient, however, 
refused to remain in bed and went about his duties as usual Ten days after the 
third electrocardiogram was taken, the patient died suddenly 
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Fig 5 — Photomicrograph of a section of the left ventricle below the point 
of occlusion of the anterior coronary artery, showing marked fibrosis and 
replacement of muscle cells by connective tissue 



Fig 6 — Photomicrograph of the anterior coronary artery, showing a marked 
calcareous deposit with thickening of the intima and with fibrosis 
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extreme narrowing occurred, it apeared to be all that remained of the original 
coat The adventitia was thickened, consisting entirely of dense bands of 
fibrous connective tissue 

The myocardium of the auricles showed a degeneration of some of the 
muscle fibers and a slight amount of brownish pigmentation in the cytoplasm 
of the cells Short bands of fibrous tissue lay between the muscle fibers and in 



Fig 4 — Heart showing tortuous and sclerosed anterior coronary artery 
At the point enclosed by the circle, the lumen was practically occluded by a 
calcareous plaque 

places in which degeneration had taken place The ventricles, especially the 
left, showed diffuse degenerative changes and marked fibrosis In the region 
below the occlusion of the anterior coronary artery, the muscle cells appeared 
to be almost completely displaced by connective tissue The cytoplasm of the 
remaining muscle cells showed a brown granular deposit The vessel walls 
were quite thick and sclerosed throughout 
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DEFINITION 

Names have been mtioduced at various times descriptive of the 
pathologic changes occuinng in heart valves following bacterial infec- 
tions Such names as simple acute endocarditis, benign, infectious, 
bacterial, chronic, malignant, septic and ulcerative endocarditis and 
more recently endocarditis lenta and subacute bacterial endocarditis 
have been suggested by clinicians Litten,^ m 1900, classified infections 
of the heart valves into acute, malignant and chronic, by the first two 
meaning infections causing in patients severe septic symptoms and 
death in a short time, by the last one mentioned those less severe and 
of much longer duration Litten’s classification prompted a lively 
discussion regal ding septic or malignant endocarditis referred to by the 
early writers Simons^ prefeis the term “bacterial endocarditis,” a 
designation more accurate than “malignant,” “septic” or “ulcerative ” 
Libman ^ prefers the names “subacute bacterial endocarditis” (replac- 
ing the word “bacterial” by “sti eptococcus” or the name of such other 
organism as may be the causal agent) for all such infections continuing 
at least six weeks The clinical designation of this disease seems to be 

'•'Work done in the Pathological Laboratory of St Luke’s Hospital 

1 Bcrl khn Wchnschr 36 609, 1899 

2 Quart J Med 7 291, 1914 

3 Libman, E Characterization of Various Forms of Endocarditis J A 
M A 80 813 (March 24) 1923 
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The diagnosis was arteriosclerosis of the coronary arteries with complete 
occlusion of the descending branch of the left anterior by calcareous plaques, 
11 cm from its origin, sclerosis of the right posterior with partial occlusion 
of the descending branch, S cm from its origin, marked hypertrophy of the 
heart associated with chronic interstitial myocarditis and brown atrophy, and 
atheromatous changes in the pulmonary artery and bulbus aortae 

COMMENT 

It would appear, in view of the postmortem findings in this case, 
that the inversion of the T-waves m Leads I and II and the widening 
of the Q-R-S group were the result of grave myocardial disease, and 
that their persistence justified one in giving a gra\e prognosis 

SUMMARY 

1 The ability of the clinician to diagnose valvular disease of the 
heart and lesions of the conductive system is well established 

2 If data can be obtained whereby we can more frequently detect 
myocardial damage, a more accurate prognosis can be made 

3 Evidence has been accumulating that electrocardiograms showing 
persistent straddling or splitting of the Q-R-S complex and inversion 
of the T-waves in Leads I and II are indicative of myocardial damage 

4 A case is reported in which electrocardiogiams were obtained 
illustrating the presence of a prolonged Q-R-S complex, notching of 
the S-wave in Lead II and inversion of the T-wave m Leads I and II 
A diagnosis of damaged myocaidium was made and a bad prognosis 
given Sudden death of the patient occurred within four months and 
postmortem examination of the heart revealed chronic interstitial myo- 
carditis and marked coronary sclerosis, with occlusion of the descend- 
ing branch of the left anterior coronaiy artery 

5 The association of the foregoing normalities of the electro- 
cardiogram with definite myocardial and coronary damage, with result- 
ing early death, appears to strengthen the belief that these findings 
justify a bad prognosis, particularly if they persist 

6 These abnoimalities of the electrocardiogram are usually accom- 
panied by other signs of a failing myocardium, but in ceitain cases may 
be the only evidence demonstrable 
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EXPERIMENTAL OBSERVATION BY OTHERS 

Expei imental studies of lieait valve infections aie comparatively 
few, clinical leferences many In 1914, Simons ~ published an excellent 
review of the clinical liteiatuie up to that time, and in 1917 Kinsella 
published a similai leview including nearly all of Simon’s lefeiences 

In 1885 a chronic septicemia was produced experimentally for the 
first time by Philopowicz and Wyssokowitch They found an endo- 
carditis in rabbits aftei the mtiavenous injection of pine cultures of 
bacteria Wyssokowitch obseived such infections fiequently if he 
injured the heart valves or endocardium by sounding one of the caiotid 
aiteries befoie the intravenous injection of bacteria In the same yeai, 
Ribbeit^' produced tiicuspid endocaiditis by the injection of bacteiial 
suspensions prepared fioiii growth on potato medium Numeious 
attempts liaie been made to discovei the fate of bacteiia injected intia- 
venously into animals, beginning as early as 1874 with the expei iments 
of Traube and Gescheidlen Bull,^” seems to expiess best the essen- 
tial results of such expenmenls He believes the virulence of bacteiia 
(streptococci and pneumococci) injected intiavenously detei mines the 
fate of the host If the stieptococci aie virulent, the animal (rabbit) 
dies within six days, wheieas a less viiulent stiain produces a chionic 
infection somewhere in the body 

Allison pioduced streptococcus septicemia m foity-six labbitswith 
St) epiococcns hcDioIytiois and St) eptococcw; vntda))'s lecoveied from 
patients with pueiperal sepsis, mastoiditis, fiom noimal and infected 
throats and fiom patients with othei diseases m which bacteiia weie 
present in the blood He found in these experiments that the course of 
such septicemias, expei imentally pioduced, depends on several factois, 
such as the viiulence of the bacteiia injected, the native agglutinating 
powei of the rabbit serum and the phagocytic property of the leukocytes 
If the oiganisms aie not virulent enough to cause death at once or 
within a few hours aftei injection, they disappeai lapidly from the 
circulating blood and accumulate in the capillaiies and venous sinuses 
of the viscera Aftei a time the bacteiia reappeai in the circulation 
and cause a rapidly fatal septicemia or localize in some oigaii from 
which repeated “showers” of bacteiia appeal m the blood stream 

15 Kinsella, R A Bacteriologic Studies m Subacute Streptococcus Endo- 
carditis, Arch lilt Med 19 367 (March) 1917 

16 Philopowicz and Wyssokowitch Ztschi f Hyg u Infectionskrankh 
1 3, 1886 

17 Ribbert Deutsch med Wchnschr 11 717, 1885 

18 Traube and Gescheidlen Jahresbericht d Schlessischen Gesellsch f 
Vaterland, Culture, 1874 

19 Bull J Exper M 22 475, 1915 

20 Allison J M Res 38 55, 1918 
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best expressed by the terms “subacute” or “chronic infectious endocar- 
ditis.” and where the causal bacterium has been demonstrated, its 
specific 1 elation expressed by including in the name a significant term, 
for example, chionic infectious streptococcus endocaiditis 

ETIOLOGY 

Virchow,'* m 1855, suggested the etiologic lelationship between bac- 
terial infections of the uterus and valvular endocarditis This is the 
first mention of a sequence of infections which now geneially is believed 
to exist, that is, valvulai endocarditis is secondary to some primary 
focus of infection elsewheie in the bod} A series of repoits between 
1887 and 1899 by Weischelbaum,’'’ Frankel.'’ Sangei and Harbitz ■ men- 
tion the specific bacteria associated with malignant or septic endocar- 
ditis and include streptococci, staphylococci, and gonococci By devel- 
oping methods and technic for cultuiing the blood of patients, Sittman ® 
thoroughly established this aid in diagnosing chronic infectious endo- 
carditis, although pievious sporadic attempts had been made by others 
to culture bacteria from the blood of patients suspected of having 
endocarditis Later refinements by Kiaus,'* Giavitz,*® Kuehnau,** 
Lenhartz *- and Canon* fuither emphasized the importance of cul- 
turing the blood 

Although bacteria such as stieptococci, staphylococci, gonococci, 
pneumococci, Fnedlander’s bacillus and Bacillus mflueucae have been 
isolated from the blood of patients with endocarditis and also fiom the 
diseased heart valves at postmortem, the oiganism most frequently 
found in such infections is a coccus, vaiiously teimed Streptococcus 
viudans, Sti cptococciis mitn, Sti cptococcus tenuous oi simply an endo- 
carditis coccus Some clinicians such as Simons - and Billings, *■* choose 
to place the oiganism in the streptococcus-pneumococcus gioup without 
further classification All obseiveis agiee that the organism is a giam- 
positive coccus of low viiulence, producing gieen on human blood agar 
and at some time gi owing in chains 

4 Virchow Gesaminelte Abliandlungen, 1855 

5 Weischelbaum Centralbl f Bakteriol 2 209, 1887 

6 Frankel Virchows Arch f path Anat u Phj^siol 108 286, 1887 

7 Sanger and Harbitz Deutsch med Wchnschr 25 121, 1899 

8 Sittman Deutsch Arch f klin Med 53 323, 1894 

9 Kraus Wien klin Wchnschr 8 472, 1895 

10 Gravitz Charite-Ann 19 154, 1894 

11 Kuehnau Ztschr f H 3 ^g u Infektionskrankh 25 492, 1897 

12 Lenhartz Munchen med Wchnschr 48 1123 and 1157, 1901 

13 Canon Mittheilungen aus den Grenzgebieten 10 411, 1902 

14 Billings, F Chronic Infectious Endocarditis Arch Int Med 4 dO 
(Nov ) 1909 
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Vaiious antiseptics have been injected inti avenously, such as 
collargol and eiisol, in the hope of establishing some specific therapeutic 
agent Arsenic in vaiious foims has been used but in no systematic 
^Yay Recently Capps lepoited the clinical progiess of eight patients 
with Sficpfococcui vindoiis endocarditis tieated by the intiavenous 
injection of sodium cacodylate Four of these patients were appaiently 
well aftei thiee, five, six and twelve jeais, lespectively, which afifords 



Fig 1 — ^An extensive throinbo-iilcerative aortic endocarditis 


some hope from arsenical therapy Since his first report, Billings has 
also had seveial patients who lecovered undei tieatment with sodium 
cacodylate 

Sodium cacodylate has been given in vaiious diseases, usually by 
mouth, but also hypodermically and inti avenously Peyre has 

27 Capps Am J Md Sc 40 165 (Jan) 1923 

28 Peyre Presse med 27 615. 1919 
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When tissue reactions are sufficient to combat the bacteria the animal 
slowly recovers 

Rosenow has emphasized that many bacteria localize specifically 
m certain tissues of the body, and such terms as “specificit)'^,” “selec- 
tive action” or “elective activity” have been suggested to designate this 
affinity 

In an effort to find some drug which might be efficacious in the 
treatment of valvular endocarditis, Allison used experimentally 
arsenical preparations, such as different brands of arsphenamin He 
observed that the mortality in rabbits with experimental septicemias 
treated with these arsenicals was 30 per cent less than a corresponding 
group which received no treatment 

MORTALITY REPORTS 

The death rate of patients with chronic infectious endocarditis is 
high Osier, reporting the clinical results of ten patients, mentions 
a 100 per cent mortality Billings observed one of fourteen patients 
recover, Horder one of 150, and Libman-^ five of 146 Libman’s 
five patients when mentioned in a leport in 1923 had been well nine, 
seven, five and two years, respectively Oille, Graham and Detweiller,^'' 
have reported a series of twenty-three patients with positive blood 
cultures and a diagnosis of “subacute bacterial endocarditis” in which 
they gave a hopeful prognosis, but as none of these patients had been 
followed for more than a year, and since the disease is chronic it is 
presumptive to record them as having recovered 

Clinicians usually regard this disease as fatal 

SPECinC THERAPY 

Numerous attempts have been made to find a specific therapy 
for active infectious endocarditis Autogenous vaccines, serums, blood 
transfusions, and drugs introduced into the system for the purpose of 
destroying or attenuating the bacteria have been tried Horder,-'’ m a 
large experience, has failed to observe any benefit from serums and 
blood antiseptics 

Autogenous vaccines and antistreptococcic serums have been used 
extensively by Billings and Jochmann,-® but with no definite results 

21 Rosenow J Infect Dis 6 245, 1909, 7 411, 1910, 11 210, 1912, New 
York State M J 12 441, 1912 

22 Osier Quart J Med 11 219, 1909 

23 Horder Quart J Med 11 289, 1909 

24 Am J M Sc 144 313 (Sept ) 1912 Also Footnote 3 

25 Oille, J A , Graham, D , and Detweiller, H K Streptococcus Bac- 
teremia m Endocarditis Ils Presence Before and During the Development of 
Endocardial Signs, J A M A 65 1159 (Oct 2) 1915 

26 Jochmann Berl klin Wchnschr 49 436, 1912 
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infectious endocai ditis , (2) the influence of sodium cacodylate on the 
clinical couise and the healing process of endocai dial infections in 
rabbits 

Methods — Vaiious methods of blood cultuie weie employed 
Rosenow’s anaeiobic tubes were used constantly, modified slightly, 
using an 0 8 }iei cent agai and ascitic fluid with the sediment of blood 
centiifuged at high speed and sealed with paiaflin The tubes weie 
controlled by plates of the same mateiials The modification of the 



Ftg- 3 —An extensive (hronibo-nfceiative tricuspid and nnna! endocarditis 

Rosenow tubes consisted in using a tall tube, plugged with 
cotton at one end and a coik stoppei at the othei, the advantage 
being that the tube need not be bioken to lemove colonies of bacteiia 
fi om the column of agai The Noguchi anei obic tubes with a 0 5 
pel cent agai and citi ated blood to fill half of a tube and when solidi- 
fied cnveied by the same quantitj of Ringei’s solution, blood set urn and 


30 Rosenow, E C The Newei Bactciiology of Various Infections as 
Determined liy Special Methods, T A M A 63 903 (Sept 12) 1914 

31 Noguchi J Expel M 27 375, 1918, 16 191, 1912, 30 13, 1919 
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reported the results of foity patients with recurrent fever whom he had 
treated with sodium cacodylate given intravenously, saying that it did 
not replace arsphenamin m this disease but was efficacious and without 
the bad effects sometimes occurring with arsphenamin 

Sodium cacodylate is the dimethylarsenate of sodium containing a 
variable amount of water of crystallization (usually about 30 per cent ) 
Na (CHg), AsO, Roasenda-® ascribes its low toxicity to the fact 



Fig 2 — A thromho-ulcerative mitral endocaiditis 


that It does not dissociate, and the effects are obtained by partial i educ- 
tion, decompositions and transformations (piobably oxidations) when 
in contact with tissue fluids 

ANIMAL EXPERIMENTATION 

The obseivations recoided here concern (1) the production of 
endocarditis in animals by the injection of strains of St) eptococcus 
v))icia}i<; obtained by blood cultures from patients suffering from chronic 


29 Roasenda Pohchnico (Sez Prat) 27 826 (Aug 2) 1920 
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his patients outside of hospitals in whom a subaciile oi chionic bac- 
terial or infectious endocarditis was diagnosed, a positive blood culture 
of Sfi eptococcus vu idans was obtained in thirty-five, an alphahemolytic 
streptococcus (Blown) in two, a total of thirty-seven, or 84 per cent , 
duiing the yeai 

Rabbits weighing approximately from (18 kg to 2 2 kg ) 4 to 5 
pounds and apparently m good health were selected Salt solution 
suspensions of Streptococcus vtudaiis cultures, forty-eight houis old, 
grown on human blood agar slants, were 'injected into the marginal eai 
vein and mtracardially, and the animals caiefully watched, cultures made 
fioni their blood at inteivals of several weeks under aseptic piecau- 
tions liy intioducmg a large needle into the ear vein of the rabbit and 



Fig S — small portion of the vegetation of Fig 1 demonstrating the 
bacteria (X 1200) 

catching the blood drops in Petri dishes The cultures of the blood weie 
made as described Leukocyte counts were made at intervals and the 
general condition of the rabbit observed (The introduction of the 
needle into the ear vein is an easy piocedure and seives as a much 
nioie efficacious means of drawing blood than the usual method of cut- 
ting the marginal ear vein of the rabbit with a razor ) 

The report of endocarditis produced includes only such as were 
proved by postmortem examination 

Results — Of fifty-three rabbits injected, forty-six have either died 
or have been killed and an endocarditis or pericarditis or both has been 
demonstrated in thirty-eight, and of the thiity-eight an endocarditis in 
thirty-five, or a total of almost 80 per cent Table 1 illustrates the 
occurrence of an endocarditis in ten rabbits, serving as controls for 
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blood, were used at times Detweiler’s modification of Rosenow’s 
method in which the centrifuged blood sediment is incubated in bouillon 
for twenty-four hours and then planted according to the Rosenow 
method proved satisfactory Blood agar plates were made at the 
bedside, the layer of blood agar covered by another layer of agar, this 
by melted paraffin and the plates and bouillon tubes taken immediately 
to the incubator Holman’s serum sugar broth was used in making 
cultures of the supernatant blood serum, and all the streptococci were 



Fig 4 — A small vegetation of the endocardium of the mitral valve (X 170) 

classified according to their sugar-fermentation reactions All mediums 
were titrated colonmetncally to a /^h 7 6 Approximately 35 c c of 
blood were withdrawn from the median cubital vein of patients 

Of forty-four patients of Drs A R Elliott, R B Preble, N C 
Gilbert, J L Miller and J A Capps at St Luke’s Hospital and several 
on the service of Dr Capps at the Cook County Hospital and a few of 

32 Detweiler, H K , and Robinson, W L Experimental Endocarditis 
J A M A 67 1653 (Dec 2) 1916 

33 Holman J M Res 34 377, 1916 
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In seveial animals, the injection of cacodylate was begun imme- 
diately after the injection of the suspensions of Sti eptococcus viridans 
In other animals, a series of cacodylate injections was given, fol- 
lowed by huge oi as near as possible lethal doses of St) eptococcus 
VI) ida)ts An equal number of rabbits received the same size of 
sti eptococcus suspensions Still others received a series of cacodylate 
injections followed by a smaller suspension of St) eptococcus vi))da)is, 
not enough to kill if possible A corresponding number again received 



Fig 7 —A healing mitral endocarditis (note the granulation tissue) 


the streptococcus suspensions alone This series had the injection of 
streptococci repeated three days after the hist injection, each time pre- 
ceding the streptococcus injections by a rather large dose of cacodylate 
in one-half of the animals 

Results — In Table 1 are collected the results of the injection of 
suspensions of streptococci with the development of an endocarditis 
Urine obtained at postmortem contained at times erythrocytes and 
albumin indicating renal infection and at others casts and albumin 
alone The valvulai changes illustrated are of an aortic (Fig 1), a 
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the ten of Table 2 to be discussed later The animals were weighed 
approximately every two weeks 
(2) Arsenical Therapy 

These experiments were carried out to determine the eftect of 
sodium cacodylate on the clinical course of an endocarditis in rabbits 
Methods — Distilled water solutions of sodium cacodylate (Mal- 
hnckrodt, U S P ) were injected into the marginal ear vein of rabbits 
in doses of from one-half a gram to 3 grains a day, for periods vary- 



Fig 6 — An extensive aortic endocarditis 


mg from two weeks to ten weeks It is generally believed among 
clinicians that the peculiar odor of the patients’ excieta, an odor 
resembling garlic, is evidence of the potency of the sodium cacodylate 
This odor was used as a criterion for increasing the dose of the drug 
in the rabbits Cultures of the blood were made approximately every 
two weeks The rabbits listed in Table 2 were carefully observed for 
clinical endocarditis or its complications In a small peicentage of the 
animals an arthritis of the feet developed When an endocarditis was 
demonstrated by positive blood culture the injections of sodium cacody- 
late were begun 



Table 2 — llliist) afing the Results Obtained zvith Ten Rabbits Receiving Sodium Cacodylate Inti avenously 
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Table 1 — Illiist>atiiig the Devcloputent of Rndocai ditis ui Ten Rabbits 
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Table 3— Results of Injection of Sodium Cacodylate Followed by Huge Doses 
of Noniial Saline Suspensions of Stieptococcus Vindans — 

42, 44, 49 and 51 Being Conti ols 


Rab 

bit 

Weight 

m 

Pounds 

Sodium 
Cacodj- 
late In- 
jected 

Strain 

of 

Strepto- 

coccus 

Amount of 
Saline 
Suspension 
Injected 

Length 
of Life 
After 
Injection 

i 

Postmortem Findings 

41 

55 

17 grains, 

2 grams 
flist daj , 
then 3 gr 
daily for 

5 days 

Ma 

The ■\\ashings 
of 8 blood 
agar slants 

65 da j s 

Slight mural endocarditis of the 
left auricle and right ventricle 
(partial ealcifleation), healing 
lenal infarcts 

42 

5 02 

None 

Ms 

The nashings 
of S blood 
agar slants 

8 days 

Extensive thrombo ulcerati j e 
aortic cndocaiditis, multiple 
renal infarcts, huge hypeiplasia 
of spleen 

43 

1 

6 

0 grains, 

3 grains 
daiij for 

2 dajs 

Wa 

The Hashings 
of 10 blood 
agar si ints i 

30 hours 

i 

1 

Pibnnopurulent pericarditis, 
bronchopneumonia, bilateral 

pleuritis 

44 

4 75 

None 

Wa 

The Hashings 
of 10 blood 
agar slants ; 

20 hours 

Mural thrombo ulcerative right 
and left endocarditis, multiple 
subcapsular renal hemorrhages 

48 

0 

6 grains, 

3 grams 
daily for 

2 q lys 

Ma 

The Hashings 
of 10 blood 
agar slants 

11 dajs 

1 

Huge thrombo ulcerative (veiru 
cons) aortic endocarditis, multi- 
ple renal infarcts 

49 

1 

5 25 

None 

Ma 

The Hashings 
of 10 blood 
•igar slants ^ 

1 

4 dajs 

Thrombo ulcerativ e mitral (j ege 
tative) endocaiditis, slignt 
ascites, inarLcd passive hyper 
emia of the liver 

50 

5 75 

0 grains, 

3 grams 
daii} for 

2 dajs 

Ba 

The H ishings 
of 10 blood 
agai slants 

72 hours 

Multiple subendocardial hemor- 
rhages of the right auricle, renal 
infarcts, fibrinous pericarditis 

51 

5 37 

None 

Ba 

1 

The Hashings 
ot 10 blood 
agai slants 

Less 
than 20 , 
hours 1 

Tlnombo ulceiative (vegetative) 
mitral and tricuspid endocar- 
ditis, complete infarct of one 
lung lobe 


Table 4 — Results Obtained with Two Rabbits Given Cacodylate Immediately 
Aftei Injecting Sti eptococci and foi Weeks Thereof tei 


Rab 

bit 

Weight 

in 

Pounds 

at 

Intervals 

Strain 

of 

Strepto- 

coccus 

Amount of 
Streptococcus 
Injected 
and 

Date 

Blood j 
Culture j 

Sodium 
Cacodylate 
(1) Initial Dose 

(2) Total 

(3) Time 

Date 

Killed 

Postmortem 

Findings 

111 

4 3, 4 1, 
October 

W4 

Washings of 3 
blood agar 
slants 

1 10/12/22 

Tno 

cultures 

negative 

2 wceliS 
ipait 

(1) % gram 
10/13/22 
(2) 15 25 grains 
(3)5HecLs j 

11/18/22 

No changes of 
any of the 
organs 

112 

4 3, 4 1, 
10/12/22, 

5 7, 5 6, 
2/20/23 

1 Si 

Same as 111 

Culture 1 
negative , 
10/18 and 
11/2/22, 
1/1’’ and 
l/2“/23 
(4) i 

(1) gram 
10/13/22 

(2) 45 gi ams 

(3) Oct 13 to 

J in 31 Hith 
intervals of 

rest 

2/20/23 

Small fibrous 
tag of the 
pericardium, 
healed renal 
infarcts 
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mitral, (Fig 2) and a tricuspid (Fig 3) endocarditis, of which there 
were many demonstrated 

The extent of the endocarditis varied , with some animals there 
was almost a complete stenosis of the valve, while others had only a 
few vegetations Gross lesions were examined microscopically, except 
a few in which section would have destroyed a tissue otherwise valu- 
able for gross demonstration The tissues were stained for bac- 
teria by the Goodpasture method, and in many of the endocardial 
vegetations diplococci and cocci in short chains weie demonstrated 



Fig 8 — A further organized clot of the tricuspid valve (X60) 


In Table 2 are collected the results of the injection of ten labbits 
with sodium cacodylate after an endocarditis had been demonstrated 
by blood culture Six were killed with ether one to two months after 
their injection with streptococci, at which time they had apparently 
recovered from the infection Four died The postmortem changes 
were those of an endocarditis, actn'^e, healing or healed, or a pericar- 
ditis The figures in the “Blood Culture” column indicate the number 
of times a positive culture was obtained during life 


34 Goodpasture Medical War Manual, No 6, 1919, p 349 



Table 5 — The Results of Repeated Injections of Sti eptococcus Viiidans Pieceded by Injections of 
Sodium Cacodylate, 53, 55, 57, 59 and 61 Sci-ving as Conti ols 
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The photomicrogiaphs illustrate various stages of the endocarditis, 
from a small endocardial vegetation to an extensive thrombo-ulcerative 
endocarditis (4, 5 and 6), and from a healing initial to a healed fibrous 
endocarditis (Figs 7, 8 and 9) 

In Table 4, two rabbits illustiate results with the injection of sus- 
pensions of Sii eptococcus viudans followed the day after by an injec- 
tion of a small dose of cacodylate, and for several months thereafter 
At necropsy, in one, two, in the other, four months after the injection 
of the streptococcus, when they seemed well, no heart changes were 
noted, but in the latter several scars of renal infarcts were demonstrated 



Fig 9 — A completely healed fibrous mitral endocarditis (X 1^^) 

When the rabbits were injected with rather large doses of cacody- 
late followed by huge suspensions of St) eptococciis vuidans, the results 
represented by Table 3 are noteworthy in that in each case the animal 
receiving the cacodylate before the streptococcus lived longer than the 
control which received no cacodylate Rabbit 41, receiving the longest 
course, died seventy days after injection with the streptococcus, while 
the control rabbit died eight days after injection In the other six, the 
difference was not as marked, yet distinct 
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that they perhaps stimulate the endothelial cells of blood vessels and 
blood sinuses to greater phagocytosis 

CONCLUSIONS 

1 

1 In 84 per cent of a group of patients in whom a chronic infec- 
tious endocarditis was suspected Streptococciu^ viiidans was recovered 
by blood culture 

2 The essential needs for the isolation of Streptococcus viudans 
from the blood of patients during life seem to be anaerobic conditions, 
mediums rich in nutrient substances (liquid or solid), careful daily 
examinations of all mediums used for at least a week, and the with- 
drawal of a large quantity of blood (from 30 to 40 c c ) at the proper 
time 

3 Sodium cacodylate seems to have some beneficial influence on 
the healing of heart valve infections 

4 Arsenical prepaiations, such as sodium cacodylate, may have a 
piotective power for the endocardium or the pericardium 
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The ten rabbits of Table 5 illustrate results similar to those of 
Table 3, but here a smaller suspension of streptococci was injected and 
another small suspension injected three days later, in five a course of 
cacodylate being given for several days and a single injection of 
cacodylate immediately before each injection of streptococci and in 
the other five only the streptococci Four of the controls died soon, 
one of the animals receiving the cacodylate died five days after the 
control, receiving no cacodylate, and the other died two days after 
its initial injection from an extensive hemothorax and a slight tricuspid 
endocarditis The other two rabbits receiving the cacodylate are still 
living and appear well The fifth control died twenty days after injec- 
tion with the streptococci 

Of the other animals not mentioned in the tables, some died of an 
endocarditis or a pericarditis later One developed a marked cystitis 
and pyelitis and died of pneumonia later Others died of bites inflicted 
by their mates One control animal seemed well and when killed four 
months later some ascites and a healed sjilenic infarct were demonstra- 
ble Five of the fifty-three rabbits are still living 

The term thrombo-ulcerative is the generally recognized designation 
by pathologists of the endocardial lesions of chronic infectious 
endocarditis 

DISCUSSION 

This report suggests possibilities foi the specific therapy of valvular 
endocarditis While the results obtained with forty-eight rabbits do 
not establish conclusively the value of sodium cacodylate therapy with 
chronic infectious endocarditis, yet they afford reasons for believing 
that It is of some value 

The "selective actions” or "elective activity” of Sti eptococcus 
vmdans isolated from patients with endocardial lesions for the endo- 
cardium and pericardium of rabbits has been repeatedly demonstrated 
by Rosenow and others The fact that 80 per cent of rabbits injected 
developed such an endocarditis in this series seems to stress the “selec- 
tive action” of this coccus At times the endocarditis develops with 
remarkable rapidity, the shortest time noted being twenty hours The 
rapidity of production of an endocarditis may be influenced by the 
virulence of the streptococci, the amount of the suspension injected, the 
weight of the animal, and its general condition and other factors not 
recognized at this time 

Animals receiving repeated injections of cacodylate first and then 
huge suspensions of streptococci seem to be better able to destroy the 
streptococci than those receiving no previous sodium cacodylate injec- 
tions It has been suggested by immunologists that such preparations 
as sodium cacodylate may have a protective influence for the host m 
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in the continental literature (Israel/ Rodet/ Lexei/ Jordan/ 
Schmitz/ Barth “) Moie recently Ameiican observeis have published 
clinical and experimental data which m no way lefute, but augment 
such observations (Biewer/ Richardson/ McKenzie/ Phemister and 
others) 

For the past few years I have attempted to establish the portal of 
entiy in cases of primary perirenal abscess, that is, abscesses which 
aie not caused by continuity fiom adjoining diseased tissues Coitical 
renal abscesses aie the exception, howevei, and are not included, as 
the periienal tissue is often involved by the outwaid extension of minute 
cortical collections of pus The incidence of boils and caibuncles 
preceding such peinenal abscesses is high, and cultuial methods yield 
Staphylococcus auieus from the evacuated pus in the majority of these 
cases Similarly I have been inteiested in cases of muscle abscess, 
acute osteomyelitis and suppuiative nephiitis and their etiologic lela- 
tionship to foci on the skin 

Recently, Phemister,^” under the title of hematogenous staphylo- 
coccus infections secondary to foci in the skin, has giouped a senes 
of cases similai to those lepoited below Pie has leviewed the clinical 
and experimental literature from an authentic bibhogiaphy, and his 
cases exemplify his title clearly I repoit these additional cases because 
It IS felt such data will impiess more thoioughly the etiologic and clin- 
ical facts so correctly intimated by his paper 

These cases aie reviewed, with but four exceptions, fiom the lecords 
of the University of California Medical School Two cases aie taken 
from my notes during the recent wai 

ACUTE UNILATERAL SUPPURATIVE NEPHRITIS 

There is a difference of opinion as to which oigamsm most frequently 
causes cortical abscess Israel finds B coh most frequent, but staphy- 
lococcus IS a moie common etiologic agent than the streptococcus, 
pneumococcus or the typhoid bacillus Theie is some question as to 
whether the colon bacillus is a piimary or secondary mvadei in 
many cases 

1 Israel Chir Klin cl Nierenkrankheitcn, Berlin, 1901, p 580 

2 Rodet Rev de Chir 5 272, 1885 

3 Lexer Arch f klin Chir 53 266, 1896 

4 Jordan Chir Congress, 1905, p 18 

5 Schmitz Centralbl f Bakteriol 65 259, 1912 

6 Barth Arch f klin Chir 114 477, 1920 

7 Brewer Siirg , Gynec & Obst 2 485, 1906 

8 Richardson Surg, Gynec & Obst 21 1, 1915 

9 McKenzie Canadian M A J 11 714, 1921 

10 Phemister Hematogenous Staphylococcus Infections Secondary to Foci 
in the Skin, J A M A 78 480 (Feb 18) 1922 



THE COMPLICATIONS OF STAPHYLOCOCCUS 
FOCAL INFECTIONS'" 

LAIRD M MORRIS, MD 

SAN PRANCISCO 

Ordinarily staphylococcic septicemias present a fulminating septic 
pictuie classically represented by lepeated chills, fever, delirium, 
purpura, endocardial muimurs and multiple abscesses The blood 
picture shows a leukocytosis and an anemia Cocci are easily grown 
from the blood by the ordinal y cultural methods The infectious focus 
may be a minute pyogenic skin infection, a furuncle, a discharging ear 
or a suppuiatmg sinus Of these foci, the most important are the 
sources from the skin Such a pyemic state is lepiesented by general- 
ized multiple abscesses of the oigans, more particularly minute sup- 
puiative foci in the kidneys, heait muscle and lungs Commonly the 
mitral and aoitic valves show large thrombus masses with rapid destruc- 
tion of the leaflets The muscles, the medullaiy cavities of the long 
bones or joints may show collections of yellowish pus, from which 
cocci are readily giown A pyemia which represents the acute type 
described can be experimentally simulated in rabbits by comparatively 
large intravenous injections of Staphylococcus aiueus 

I do not care to emphasize this type, but that group of staphylococcus 
cases which is best represented b}'’ metastatic abscesses, commonly single, 
occasionall}'^ multiple, in various anatomic stiuctures of the body This 
group IS repiesentative of an intermittent blood stieam infection from 
some focal oiigin, usually from boils, carbuncles, paronychia, impetigo 
or infected skin wounds So striking is a histor)'^ of a staphylococcus 
skin infection, succeeded at an unstated short interval of time by a 
clinical picture of perinephric abscess, unilateral suppurative nephritis 
or an acute osteomyelitis, and so constant are the cultural findings m 
the distant lesions compared with the primary focus, that the relationship 
of a focal skin infection to a metastatic mteinal lesion is given clinical 
proof 

Experimental, pathologic and clinical data regarding these focal skin 
associations with faiily constant metastatic lesions was first mentioned 

=*'From the medical department of the University of California Medical 
School 

*The reviewed cases were seen in the medical and pediatric services of the 
University Hospital and San Francisco Hospital Drs Moffitt, Lucas, Ebright, 
Kerr 

Operative procedures were performed in the surgical services of these hos- 
pitals, Drs Brunn, Pope, Hinman, Baldwin 
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red blood cells, pus casts and a positive culture fiom the uietei of the 
diseased side Occasionally uiinaiy findings aie negative, and Ricliaid- 
son’s ® thii d conclusion is timely in this i esjDect “A urine noi nial on 
clinical examination does not exclude the possibility of coitical lenal 
abscess” Ordinal ily a delayed “appearance time” of phensulphone- 
plithalein from the diseased kidney and a marked diminution m the 
quantity of the dye eliminated are faiily constant findings Bait® 
believes the functional test is the best single uiinary test 

TYPE CASES OF ACUTE SUPPURATIVE INFLAMMATION OF 

THE KIDNEY 

Case 1 — J R C , a man, aged 57, m December, 1915, began to feel a little 
below normal, and a “sore” appeared on the left side of the nose, from which 
considerable pus was discharged He was confined to bed toward the end of 
the month because of fever, pain in the limbs and general malaise Stiffness 
and tenderness increased in the thigh muscles He entered the hospital about 
the middle of February Physical examination revealed lungs, clear, heart, 
normal, spleen slightly enlarged and palpable, tender and palpable left kidney, 
with pain in the left kidney region radiating toward the back The temperature 
was 38 C (1004 F ) and the white cell count was 9,800 The Wassermann test 
was negative Catheterized urine contained Staphylococcvs aniens A specimen 
from the left ureter contained pus Cystoscopy revealed diffuse granular cys- 
titis The lesults of the intravenous phenolsulphonephthalem test for renal 
function were left ureter appearance time, 8 minutes , fifteen minutes, 4 5 per 
cent , thirty minutes, 3 per cent , total, 7 5 per cent , right ureter, appearance 
time, 5 minutes, fifteen minutes, 7 per cent , thirty minutes, 10 per cent , total, 
17 per cent 

Feb 18, 1916, the left kidney was removed Gross Pathology Theie were 
yellowish necrotic areas of pinhead size at the upper pole and a large solitary 
abscess at the lower pole On section the pelvis seemed rather small and the 
wall thick and edematous Culture from the pus contained Staphylococcns 
aniens 

The patient was discharged well 

Case 2 — L S , a man, aged 34, had been in a run-down condition since he 
had had influenza two years before He had a slight cough Two months 
before entering the hospital, he complained of a boil on his left foot and 
another on the right jaw About a month ago, he began to have acute pain in 
the right lumbar region Shortly after this he noticed pus in the urine The 
pain radiated through to the right midabdomen The patient complained of 
sweats, weakness and loss of weight Physical examination revealed no active 
tuberculosis There were signs of thickened pleura or high diaphragm on the 
right with limitation of motion The liver and spleen were not palpable Ihere 
was marked tenderness over the lumbar region on the right The temperature 
was 38 5 C (1017 F) The white blood cells numbered 16,200 Cystoscopy 
Cultures from bladder contained Staphylococcus aniens Urine from the left 
kidney was sterile According to the history, the right kidney did not function 
and contained no urine at this time, but a guinea-pig was apparently inoculated 
with a specimen from the right kidney according to a later note 

August 16 Operation A perirenal abscess was drained, and nephrectomy 
was performed There was pus in the perinephric fat, and there was a cortical 
abscess at the lower pole of the right kidney 

Gross Pathology At the lower anterior pole there was a slightly pro- 
jecting capsular abscess about 2 cm in diameter On section, proceeding from 
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The condition may follow abscess formation in the skin at varying 
intervals of time It is chai acteristic of micro-organisms in general, 
having gained entrance m the blood stream, to be excreted by the kidneys 
when not disposed of by the natural defenses of the host The 
pecuhaiity of staphylococcus is that it grows ordinarily in clumps and 
clings together rather than spi eads diffusely These small groups lodge 
primarily m the glomeiuh, and their pathogenicity calls forth abscess 
formation in the peiipheral substance of the kidney proper, subcapsular 
abscesses Thus the name of kidney carbuncle has been given to such 
conditions by Israel These lesions of the kidney are almost invariably 
multiple, their multiciphcity and size depending primarily on the number 
of organisms deposited at various time intervals Such minute abscesses 
often become confluent This pathology is in mai ked distinction to that 
pioduced by B coh which, because of low pathogenicity, may pass 
through the kidney leaving little or no trace of their course except 
cloudy swelling of the tubules in their convoluted portion, producing 
an inflammatory reaction in the pelvis proper Pyelonephritis, and the 
more advanced condition pyelonephrosis, most commonly caused by 
B coh, IS best considered an ascending infection from the pelvis to the 
kidney substance proper This condition shows a different pathologic 
picture from the conglomerate cortical abscesses above described, 
although cortical abscesses are common in this condition The acute 
diffuse inflammation of the kidney which is caused by blood-borne 
B coh infection seldom shows abscess formation (Ward Renal 
cortical suppurations of staphylococcus origin are dissimilar to lesions 
caused by Streptococcus viudaus, for, while localizing primarily in the 
glomeruli, they cause no pus formation but terminally a chronic glome- 
rulonephritis (Baehr Larger emboli characteristically cause septic 
infarcts in the renal cortex, which may break down, forming abscesses 
similar to those of staphylococcus Streptococcus hemolyticus causes 
abscesses more commonly than Streptococcus vu idans, however Renal 
tuberculosis, either of the caseocavernous type or that form showing 
multiple tubeiculosis foci in the cortex with or without perinephritis, 
is of a far more chronic nature 

Of importance in cases of acute unilateral hematogenous suppuiative 
nephritis of the kidney is a diminished resistance of one kidney as a 
result of previous disease oi injury (Israel,^ Brewei ’’ and others) The 
clinical picture is usually that of mild toxemia, although at times acutely 
stormy (Brewer,' WarcO^) Localized pain and tenderness m the 
hypochondrium and costovei tebral region aie signs of importance 
Abnormal uiinary findings complete the picture, that is, pus cells, 

11 Ward Surg, Gynec & Obst 21 406, 1915 

12 Baehr J Exper M 15 330, 1912 
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The patient entered the Universitj' of California Hospital three months after 
her primary trouble Ph 5 'Sical examination revealed a blowing systolic 
murmur over the base of the heart, extreme rigidity and tenderness in the 
right hypochondnum and lumbar muscles, slight swelling, mottling and con- 
gestion over the lumbar region The liver and spleen were not enlarged The 
Wassermann test was negative A blood culture was negative The urine was 
normal White blood cells numbered 26,600 There were 93 per cent of 
polymorphonuclear cells The roentgen ray showed obliteration of the kidney 
and a psoas outline on the right Operation revealed an abscess around the 
lower pole of the right kidney The kidney was removed, but no gross 
pathologic condition was found Cultures from the pus contained Staphylo- 
coccus aweus 

Case 4 — NI H K, a man, aged 43, entered the hospital on Feb 13, 1916 
Five months before he had had an infection of the right hand, with a hard core 
This condition cleared up, and he then began to be troubled with pain on the 
anterior surface of the left thigh The pain migrated to the ankle joint, which 
became swollen, but the swelling subsided in a week While being treated for 
the condition in the leg, he noted a dull aching pain starting low down in the 
right side of the abdomen and radiating up to the kidne}’’ region This pain 
localized in the right upper quadrant and the right lumbar region was “sore ” 
The patient felt weak, his appetite was poor and he had lost weight He had 
no chills or sweats 

Examination revealed a sick looking, anemic man, with eyes sunken and 
yellowish sclerae The heart was normal Dulness at the right base seemed 
to be due more to a high diaphragm than to a pleural collection Breath sounds 
still were heard over this area There was no friction sound It was impos- 
sible to palpate the upper right side of the abdomen on account of rigid 
abdominal muscles There was decided tenderness over the right costovertebral 
angle The temperature was 100 4 F (38 C ) White blood count, 20,000 
Catheterized urine from the right kidney did not contain pus , the culture was 
negative The phenolsulphonephthalein “appearance time” was 6 minutes (intra- 
venous) , in fifteen minutes it was 23 per cent , m the following fifteen minutes 
11 per cent The roentgenogram showed an area of rarefaction in the shaft 
of the femur 2 inches (5 08 cm ) below the trochanter with periosteal reaction 
over it The condition was diagnosed as osteomyelitis Screen examination 
of the chest showed a high and somewhat flattened right diaphragm Operation 
Pus was drained from the superior and posterior parts of the fatty capsule of 
the right kidney The kidne> seemed intact and was not removed Culture 
from the pus was Staphylococcus aweus 

Case 5 — A S , a man, aged 49, entered the hospital with a carbuncle on the 
neck of three weeks’ duration His present illness started a week ago with pain in 
the left side of the chest on coughing and deep inspiration He complained of 
loss of appetite, weakness and night sweats Physical examination revealed a 
normal heart, diminished scarcely audible breath sounds over the left base, 
with corresponding dulness and diminished vocal fremitus, and no rales Res- 
pirations were short, and attempted deep breathing caused pain low in the left 
side The left lumbar region was more prominent than the right, extremely 
tender and slightly edematous The temperature was 102 F White blood count, 
29,000 The urine was normal The chest was tapped, but was dry Operation 
two hundred and fifty cubic centimeters of pus were removed from the perirenal 
region, the kidney was not removed Pus culture contained Staphylococcus 
aweus There was a marked drop in temperature following operation, and the 
patient was discharged in three weeks, well 

Case 6 — L J, a man, aged 24, three months before began having a series 
of boils These extended over a period of two months The last boil was 
on the right forearm and was quite severe During this interval of time, the 
patient was treated for an abscess m the palm About a month later 
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the abscess toward the pelvis, multiple small focal abscesses were seen The 
remainder of the kidney appeared to be quite normal The pelvis was not 
dilated or thickened Culture from pus contained Staphylococcus axucus 

The patient was discharged well 

DISCUSSION 

There is little to be said regarding these fairly typical cases except 
to point out a preceding skin infection of a staphylococcus nature, and 
later isolation of cocci of the auieus group from the metastatic lesions 
In Case 2 the pennephnc fat was involved in contradistinction to Case 1 
Such a combined renal-perirenal suppuration must always be borne in 
mind when simple drainage of the abscessed fatty tissue fails to clear 
the symptoms 

PERINEPHRIC ABSCESS 

These abscesses are located in the perirenal fat, and in a pure state 
they are wholly outside the kidney Under the caption “primaiy 
pennephnc abscess” I exclude all pennephritic collections of pus spiead 
by continuity from adjacent diseased sources, except the kidney cortex 
This classification ex< ludes perinephritis accompanying pyonephrosis, 
nephrolithiasis and renal tuberculosis In the majority of primary 
cases theie is an extension of a minute cortical abscess, probably sel- 
dom the reverse It is stated, however, that a pure perirenal abscess 
may be the only internal lesion from some cutaneous infection Such 
cases may show no abnormal urinary findings and clear readily by 
simple drainage of the pait m many instances 

The picture caused by these extranephnc collections of pus is more 
severe than that caused by a suppurative kidney proper The toxemia 
may be more marked, probably because of rapid extension of involve- 
ment m the loose tissue Depending on the location of pus — proximity 
of the upper or lower pole — the signs are often referred to the base 
of the lung and pleural cavity, or the upper right or left quadrants 
and paravertebral region of the costovertebral junction A history 
of boils, symptoms of toxemia, marked tenderness over the costo- 
vertebral angle and high diaphragm on the affected side are for the 
most part constant Roentgenograms are a decided diagnostic advan- 
tage in most cases 

TYPE CASES OF PERINEPHRIC ABSCESS 

Case 3 — P G , a woman, aged 24, gave a history of having had several bods 
on the buttocks about a month before On May 1, 1920 she had had a mild 
chill and fever The following day she had had a dull pain in the right 
shoulder The appendix was removed the next day by the patient’s physician, 
who noted no inflammation of that organ The patient did well for a few days, 
and then her former symptoms returned A large collection of ous was 
drained in the right flank extraperitoneally For about two weeks she was 
free from pain, but she complained of chills and fever and lost 30 pounds 
(13 6 kg) m weight The abdomen was opened a second time, and nothing 
was found 
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abscesess are not unusual aftei boils, but in many instances they are 
caused by continuity The subcutaneous abscesses caused by strepto- 
cocci aie commonly metastatic They come occasionally after peri- 
tonsillai abscess Acute pyogenic myositis is commonly seen in the 
iliopsoas Given a primaiy focus, however, any muscle or muscle 
group may become the seat of pyogenic inflammation, either spon- 
taneously or predisposed by trauma Acute polymyositis is possibly of 
Staphylococcus auicns nature (Schmitz'') Tiauma, as m the long 
bones, piedisposes muscles (possibly joints and kidneys) to staphylo- 
coccus infection 

Commonly patients complain of pain m the joints, either single or 
multiple, in the couise of intermittent blood stream infection — toxic 
s} novitis Staphylococcus septicemias may give nse to single or 
multiple pyemic joints from which cocci are leadily grown Finally, 
an abscessed joint may be the only manifestation of a focal skin infec- 
tion Regal ding joint conditions in geneial, the streptococcus plays 
a far more important part 

Raiel} an abscess in the'peiiprostatic tissue may be a metastatic 
manifestation of a caibuncle (Kretschmer^'*) 

TYPE C^SES OF MUSCLE ABSCESS 

Case 8 — A man, about 30 years of age, entered the U S Naval Hospital 
at Mare Island, Calif, in 1919, with a high fever and a ligneous inflamma- 
tion of the back of the neck Three weeks previously the patient had suffered 
from acute rhinitis, followed by a series of “pimples” just inside the nares 
About a week later he began to have slight difficulty in swallowing and three 
dai's previous to entrance his neck became painful, hard and indurated The 
patient presented the picture of a toxic person unable to move his head on 
account of pain and stiffness The back of the neck was of wooden consistency, 
swollen, hot and painful There was no redness of the throat or bulging ot 
the postpharyngeal wall A slight localized discoloration m the region of 
the left anterolateral thigh muscles was noted Inquiry revealed that while 
he was being lifted from the ambulance, he hurt his thigh on the end of a 
litter which was lying folded adjacent to him The following day a small 
amount of pus was located by aspiration deep in the muscles of the neck 
The neck was opened the next day and pus was found deep in the dorsal 
muscles Culture contained Staphylococcus awcus Thiee days later pus was 
aspirated from an abscess deep m the lateral rectus muscle, subjacent to the 
traumatized area Culture revealed Staphylococcus aweus 

Case 9 — A child, aged 5, was just convalescing from a mild case of chicken- 
pox The vesicle distribution was sparse, and the crusted lesions were clear- 
ing In the second week of the disease, the child began to complain of pain 
over the paravcitebral region (erector spinae group) Simultaneously the 
temperature became elevated, and there was extreme tenderness over the muscles 
of the back at about the level of the first lumbar vertebra on the right Tumefac- 
tion was slight over this area, and local heat was almost imperceptible A needle 
puncture revealed pus deep m the elector spinae group The abscess was 
incised Culture revealed Staphylococcus auieus There was no evidence of 
a pox lesion in the close proximity of the abscess 


13 Kretschmer Surg , Gynec & Obst 32 259, 1921 
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he complained of an acute pam in the left axilla, felt weak and ran a 
temperature of 102 F He entered the hospital after a few dajs, complaining 
of pain in the left axilla, his afternoon temperature was high and he was 
w'eak Physical examination revealed a normal heart The left base showed 
signs of fluid up to the angle of the scapula , dulness to flatness with diminished 
to absent breath sounds and Grocco’s sign on the right w'ere present Lner 
and spleen w’ere not palpable The back was blistered (medication) o\er 
the left upper lumbar region There w'as tenderness over the costoi ertebral 
angle White blood cells numbered 18,600 The urine w'as clear, white blood 
cells, double plus Blood cultures w'ere negative Thoracentesis was per- 
formed fluid w^as found, white blood cells, triple plus, culture negatne 
A second tap yielded fluid of the exudative type, w'hite blood cells triple plus, 
culture negative There were 21,800 w'hite blood cells The roentgen raj 
revealed obscure left kidney shadow, fluid at the left base, normal spine 
Operation Pockets of pus were found extending upward to the upper pole 
of the left kidney Cultures from the pus contained Staphylococcus aureus 
The roentgenogram showed no signs of fluid at the left base on discharge 

The patient was discharged well 

Case 7 — joung man entered the U S Naval Hospital, Mare Island, 
Calif, 1919, complaining of chills, fever, sweats and pain in the right upper 
lumbar region There was a history of boils, the last one clearing two weeks 
previously Dulness was noted at the right base, with diminished fremitus 
and breath sounds The medical officer m charge of the ward aspirated thick 
pus by plunging the needle through the ninth interspace Pus cultures con- 
tained Staphylococcus auteus The diagnosis was empyema The pleural cavity 
was opened low down in the postaxillary line No pus was found The 
needle was inserted through the lateral curve of the diapragm in the direc- 
tion of the kidney, and pus was located It was drained extrapleurally through 
the diaphragm and chest wall Cultures from the pus contained Staphylococcus 
aui eus 

DISCUSSION 

All of these cases give a history of a staphylococcus skin infection 
followed in a comparatively short interv^al of time by pus formation 
around the kidney region from which was isolated the same organism 
In view of opinions expressed abov^e regarding the origin of this condi- 
tion, it is important to recognize the fact that all of these patients made 
uncomplicated recoveries by simple drainage, with but one exception 
In this patient. Case 3, the kidney, after nephrectomy, appeared normal 
Unfortunately, no microscopic study was made This case is in marked 
contrast to Case 2 of the suppurative kidney group, which show'ed, 
in addition to free pus around the kidney, abscesses m the renal cortex 

The striking clinical features in this group are the basal chest signs 
caused by these infradiaphragmatic collections of pus The obsen^ation 
is old and recognized The sterile irritative exudate found in Case 4 
suggested contiguous pus formation, principall}' because of many pus 
cells without demonstration of the causative orsranism 

:muscle abscesses, suppurative joints, etc 

In suppuration of the muscles, staphylococci play their role, not 
"by local extension from a skin lesion, but by metastases into more 
distant muscle groups by way of the blood stream Subcutaneous 
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or the other extremity in the cancellous substance Ochsner and Crile 
believe that the organisms localize at the place where the blood flow is 
most sluggish, for example, on the diaphyseal side of the epiphyseal 
line According to Stari,^® the infective agent lodges m 'the juxta- 
epiphyseal region of a long bone, passes along the line of the epiphysis 
to reach the periosteum, stripping this structure fiom the cortex and 
thence passes via the haversian canals to the medullary cavity The 
marrow is thus involved secondarily to the periosteal infection rather 
than by extension through the cancellous tissue, fiom which it is 
involved less frequently At a more advanced stage, large portions of 
the cortex become necrotic and, isolated from the living bone, he m 
the pus-bathed medullary cavity as sequestra 

Acute osteomyelitis is most disastrous in its sequelae if allowed to 
lun an umnterrupted course Relief from such an acute condition is 
trul} an emergency surgical procedure Surgeons who wait for 
roentgen-ray confirmation prolong the disease by months or yeais 

It IS not within the scope of this paper to comment on different 
surgical methods The typical case runs so true to form that there 
should be little diversity of opinion regarding the diagnosis The 
histoiy of furunculosis or an infected skin abrasion, especially if 
preceded by bone trauma, is of piime importance Nasopharyngeal 
infections are less important (Bloomfield,^® on normal flora of nasal 
passages) The clinical picture of toxemia accompanied by sudden 
severe pain in the neighborhood of a joint, with a point of local 
tenderness over the region of the metaphysis, are first indications of 
the clinical picture If allowed to continue, the characteristic tume- 
faction of the part develops The adjacent joint is seldom involved 
primarily A neighborhood serous synovitis may occur, but direct 
extension through the epiphysis is a late complication 

ACUTE OSTEOMYELITIS 

Case 11 — N , a boy, aged 13, first entered the hospital m July, 1916 
The child was toxic on admission, with high fever and signs of septicemia 
He was studied closely, and during the first two weeks many organs became 
involved, the principal of which were the pericardium, lungs, joints, pleura 
and left femur Staphylococci were repeatedly grown from the blood An 
operation for osteomyelitis was unfortunately delayed for two weeks, and as 
a consequence the boy went through months of surgical treatment for relief 
of the suppurating femur He returned to the outpatient department two 
years after the onset of the primary trouble, with a complaint of pain about 
the right knee, there was no swelling or redness He entered the hospital after 
four days’ delay, where a diagnosis of osteomyelitis of the right tibia was made 


14 Ochsner and Crile Surg, Gynec & Obst 31 263, 1920 

15 Starr, C S Acute Hematogenous Osteomyelitis, Arch Surg 4 567 
(May) 1922 

16 Bloomfield Bull Johns Hopkins Hosp 32 290, 1921 
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Case 10 — G T , a man, aged 37, about a year ago suffered from a carbuncle 
on the back of his neck, which lasted about a month Shortly after healing, 
the patient complained of a painful swelling on the back, which was opened 
and pus removed While the abscess was still draining, the patient noted a 
swollen, painful left thigh, which was incised and much pus removed About 
this time, the left upper arm began to swell, and he was very ill with fever, 
pain and sweats No surgical treatment of the bone was instigated, but pus 
was removed on four different occasions from the soft parts of the arm, which 
persisted to dram Osteomyelitis was discovered some time later by roentgen ray, 
and it IS reasonable to suppose that the entire disturbance of the soft tissues 
of the arm was contiguous to a missed osteomyelitis The patient was operated 
on immediately after his admission to the hospital, and extensive sequestration 
of the humerus was found The pus showed Staphylococcus aureus on culture 

DISCUSSION 

In these cases it is logical to assume a metastatic abscess from the 
primary skin condition Case 8 shows well the localization at the 
site of tiauma In Case 9 we assume a secondarily infected vancella 
lesion as the primary focus, with the subsequent dispersion of staphylo- 
cocci to more distant parts Such a condition is rare following chicken- 
pox We are forced to assume m Case 10 a relation between the 
carbuncle and the multiple abscesses, for these lesions were well healed 
when the patient was examined, and no cultures or culture reports were 
available The relationship between the carbuncle, abscesses and 
osteomyelitis is a well established clinical condition caused by a 
common organism With the isolation of Staphylococcus aureus from 
the pus of the humerus we are probably safe in our assumption of the 
cause of the other conditions Whether these abscesses were in the 
muscle proper or the subdermal fatty tissue is difficult to know 

ACUTE PYOGENIC OSTEOMYELITIS 

Primary osteomyelitis does not exist as such except in a compound 
fracture In the majority of cases, acute osteomyelitis is a blood- 
borne staphylococcus infection (See experimental work of Rodet,- 
Lexer ® and others ) As in the other conditions under discussion, the 
blood stream infection is transient in the majority of cases However 
small the primary lesion, probably the majority are of a focal skin 
condition which offers a portal of entry for the causative coccus 

As IS well known, traumatism commonly lowers the resistance of a 
particular bone so that the organisms more readily produce their 
destructive effect It is possible that an injury may be the determining 
factor in localizing the site of invasion The characteristic lesion is a 
panosteitis, a piogressive involvement of cancellous bone, periosteum, 
cortex and marrow cavity in the order named The long bones are 
affected far more commonly, the causative orgamsm localizing in one 
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focus being the site of the oiiginal or subsequent bone infections It 
has been suggested that such cases repiesent relative specificity of the 
paiticulai stiain of staphylococcus to bone lesions This is difficult to 
affirm, knowing the charactei istic role played by staphylococcus in 
regal d to acute osteomyelitis 

The twelfth case lepresents a typical case of osteomyelitis, the site 
of focal entiance being an abiasion of the skin caused by rubbing of 
the shoe Cultures fiom the ulcei, blood and marrow pus all contained 
Staphylococcus auicus 

The thirteenth case presents the t3^pical history of tiauina followed by 
symptoms of osteomyelitis and proved by operation to be of a staphylo- 
coccus nature One need go back into the boy’s history only a month 
to find that he sufiteied fiom a boil on the right arm, the scar of 
which is still obvious This natuially brings up the question of 
whether oi not cocci entei the cancellous bone and remain quiescent 
until lit up by trauma 

CONCLUSION 

Howevei apparently harmless skin infections appear to be, the 
more serious complications should always be borne in mind To many 
physicians, boils in adult patients rarely bring to mind other than the 
examination of the urine foi sugar So characteristic are the metastatic 
complications of staphylococcus focal infection, particularly boils and 
carbuncles, that their lecent occurrence should guide one m the diag- 
nosis of ceitain more seiious internal suppurative conditions 


240 Stockton Street 
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The blood culture was again positive for Staphylococcus aureus Operation 
Pus was removed from the periosteum and medullary cavity The cultures 
contained Staphylococcus aureus 

Casc 12 — F B, a boy, aged 12, was first seen at the Protestant orphanage 
on May 24, 1920, with a complaint of a sore on the right leg and a painful 
tender knee He did not enter the hospital until May 29, a dangerous delay 
On entrance there was noted a small purulent ulcer over the right tendo-achiUes 
at the height of the shoe top The right leg was swollen from the knee joint 
to the middle of the thigh, slightly reddened and tender The knee joint had 
a small excess of fluid The boy complained of much pain in the swollen leg 
The heart was normal, temperature 39 C (1022 F) Staphylococcus aureus 
was isolated from the blood and ulcer on the ankle Operation Subperiosteal 
pus was evacuated Two days after operation the blood culture was negative, 
but the temperature remained elevated Operation The lateral half on the 
lower third of the shaft of the femur was cut away, and a purulent medullary 
cavity was exposed Cultures contained Staphylococcus aureus The bov 
remained in the hospital for a year and four months During the interral 
several operations were performed for the removal of sequestra When 

he was discharged his leg was still draining from a sinus 10 cm above the 

lateral condyle 

Case 13 — F B, a boy, on Nov 15, 1922, jumped from an elevation of 2% 
feet (76 2 cm) to the ground He did not fall, he walked home, but had 

pain and complained of soreness in his left leg He returned to school the 

next day, but the leg was painful He started to school the following day, but 
was forced to return because of swelling and great pain in the leg He was 
confined to bed for two weeks before coming to the hospital On further ques- 
tioning a small scar was found on the right wrist, which the patient stated 
was a “sore ” It was discharging, and it healed about a month before the 
present trouble started On admission, the boy was markedly toxic, with a 
temperature of 39 C (1022 F) and a white count of 22,000 The left lower 
leg was swollen from the knee to the foot, with a reddish discoloration over 
the middle third, especially on the medial side Edema was marked, and 
pressure along the crest caused considerable pain Operation was immediately 
performed Four hundred cubic centimeters of purulent material were removed 
The periosteum had been completelv separated from the bone, and the marrou 
cavity was purulent for a distance of 10 cm Cultures contained Staphylococcus 
aur eus The boy’s leg was still draining when he was sent to another hos- 
pital fourteen days after operation Additional surgical procedure will be 
necessary 

The historj' was obtained from the patient’s mother and uncle who have a 
\ery limited knowledge of English 

DISCUSSION 

The eleventh case is of mteiest because the boy was first seen when 
suffering from a general septicemia, the acute osteomyelitis of the left 
thigh being one of the many manifestations of the generalized pyemia 
The blood stream infection was proved by repeated positive cultures of 
Staphylococcus am cus The operation on the thigh was not performed 
early, and therefore much sequestration resulted He has had lepeated 
operations since It is interesting to note that two years after the first 
operation he again was seen with symptoms of acute osteomyelitis of 
the opposite tibia, and the blood culture taken the day before the 
operation was again positive for Staphylococcus aureus Many cases 
of recurrent osteomyelitis of diffeient long bones are reported, the 
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with a deci eased basal metabolic late This is further suggested by 
the good results obtained at times, following the administration of 
thyroid extract 

The foregoing description t 3 qDifies the pure foini of the disease, but 
since renal disoideis aie by no means always of a pure type and do 
not show a clear cut course, Epstein points out, this nephrosis may be 
associated with, or occur late m, the course of a chionic nephritis 
From the therapeutic point of view, it is important to recognize this 
possibility With the subsiding of the nephritis, tieatment should be 
directed towaid the nephrosis 

Since the publication of Epstein’s oiiginal article and his subsequent 
articles" on this subject, little has appealed in the hteiatuie Both 
favorable and unfavoiable clinical results of the effects of feeding a 
high piotem diet aie recorded by a few observers, and there aie still 
fewer lecords of detailed observations The data of the few leports 
are practically all clinical, with but little accompanying findings of the 
blood chemistiy Of special inteiest are those of Kahn,® who recoids 
the essential analyses of the blood seium m a series of cases studied 
both before and after feeding high protein diets Based on these 
obsen'^ations, and those of Kerr, Huiwitz and Whipple on the stability 
of the blood serum protein level, of Bohm and Reiss on the concentra- 
tion of serum piotem made with the lefractometer, and of Rowe on 
the effects of high piotem diets on the albumin-globulin fractions, 
Kahn concludes that chionic nephrosis, described by Epstein, is of 
rare occurrence He states that among all of his series not one case 
of this “metabolic” type was found, that on feeding patients sufteimg 
from “chronic parenchymatous nephritis” a high piotem diet, the 
albumin-globulin latio was not affected, and the edema did not dimmish 
to the slightest extent He further concludes that feeding such patients 
on such a high protein diet is a “risky undertaking” This criticism 
IS rather severe if he refers to chronic nephrosis The data of the 
four cases Kahn lecords, which were studied both before and after 
feeding, partly bear out his views An analysis of the data, however, 
shows that in none of these cases do the chemical findings correspond 
to the Epstein type of chionic nephrosis Table 1 shows the values 
Kahn found in these cases Since no case of this “metabolic” type 
was found, it is apparent that the results obtained are not surprising 

Numerous obseivations made in this hospital corroborate one view 
held by Kahn, namely, the uncommon occurrence of chrome nephrosis 
The case recoided here is the first noted during a routine examination 
of all cases of a renal nature admitted during the last three yeais 

2 Epstein, A A Further Observations on the Nature and Treatment of 
Chronic Nephrosis, Am J Med Sc 163 167, 1922 

3 Kahn, Max The Protein and Lipm Content of Blood Serum m the 
Nephntides, Arch Int Med 25 112, 1920 



A CONTRIBUTION TO THE BIOCHEMISTRY AND 
TREATMENT OF CHRONIC NEPHROSIS 
(EPSTEIN)* 

I M RABINOWITCH, MD, and M C C CHILDS, MD 

MONTREAL, CANADA 

Following many observations made — clinical and chemical — in 
various foims of renal disorders, Epstein,^ in 1917, reported what he 
regarded as a clinical and pathologic entity, called by him a chronic 
nephrosis, which clinically simulates, although in many respects it 
differs from, the commonly known forms of chronic pai enchymatous 
nephritis Briefly, this condition is regarded as one of a metabolic 
nature, in which the renal and other clinical manifestations are con- 
comitant or secondary in point of development and importance Both 
the clinical and laboratory findings are characteristic in the pure form 
of the disease Its origin is slow, insidious and of unknown etiology 
The first intimation the patient may have of the disease is the pallor 
and evidence of edema The course is protracted Objectively, there 
is a general anasarca, oliguria and absence of increase in the blood 
pressure and cardiac hypertrophy It occurs, as a rule, in relatively 
young people The urine shows a high specific gravity, a marked 
albuminuria with or without casts, and the absence of blood elements 
The blood serum has a milky appearance, its total protein content is 
low, the albumin-globulin ratio is reversed, and the globulin may be 
both relatively and absolutely inci eased The blood shows a high 
cholesterol content 

The treatment recommended — a high piotein diet — is based on the 
theoretical conception of the cause of the edema The latter is attrib- 
uted to a disturbance between the intracapillary pressuie and osmotic 
force of the blood This idea is based on the observation of Starling, 
on the osmotic effect of the blood proteins The marked loss of pro- 
tein, or colloid content of the blood, characteristic of the disease, lowers 
the osmotic pressure of the blood, and on account of this the osmotic 
force of the tissue fluids becomes relatively increased This leads to 
the attraction of fluid to the tissues, with the production of edema 
The diet is essentially of a high protein, low carbohydrate, low fat 
nature By this means it is hoped that the high protein content will 
replace the protein lost in the urine, and the low fat and low carbo- 
hydrate may influence the body to utilize all the protein ingested and 
the excess lipoids already present in the blood 

That this disease is a metabolic disturbance is suggested by the 
lipoidemia, and in some cases by the presence of a hypothyroid state 

* From the department of metabolism of the Montreal General Hospital 
1 Epstem, A A Concerning the Causation of Edema m Chronic Paren- 
chymatous Nephritis, Am J Med Sc 154 638, 1917 
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RCD and heart sounds were the same as during the former admission The 
complete analyses of blood, urine, etc, are recorded in Tables 2, 3 and 4 
The treatment and laboratoiy analyses will be discussed below The patient’s 
weight on admission was 171% pounds (779 kg ), and on discharge, 123 pounds 
(55 7 kg) The blood pressure on dischaige was systolic, 138, diastolic, 76 
On April 19, 1923, the patient was dischaiged m a much improved condition 
There was no edema present 

COMMENT 

The tables give the complete laboiatory data obtained Tests made 
during the eaily peiiod m the hospital showed a marked impaiiment 
m the renal function The renal test meal showed a marked salt, 
water and mtiogen letention, a fixation both in the density and volume 
in the pel iodic specimens, and a diminished concentration of the nitro- 
gen of the night urine The excretion of total solids, and the day- 
night solids ratio also showed impairment This is also shown by the 
increase in the concentration of urea mtiogen in the blood and a 
diminished concentiation of urine urea following the ingestion of 15 
gm of urea The analysis of the blood seium proteins. Table 2, 
showed a much diminished concentiation of total piotem and a leversed 
albumin-globulin latio The cholesterol content of the blood. Table 2, 
was greatly increased Con elating the foiegoing data with the clinical 
histoiy of the onset and the physical examination, the picture is that 
of chronic nephritis, associated with chronic “nephrosis ” 

During this period of observation the patient was on a salt free, low 
protein and lestricted fluid diet, with the exception of the day on which 
the renal test meal was given On this diet there was a geneial clinical 
impiovement, as occurred duiing the former period in the hospital — 
a diminution in the amount of edema and a fall in the blood pressure 
to systolic, 120, diastolic, 70 The weight dropped to 123 pounds, 
but the total protein content of the blood serum and the albumin- 
globulin ration were little alteied, and there was still edema of the 
legs and ankles 

Based on these obseivations — the persistence of edema — the 
unchanged chemical state of the blood and the unsuccessful tieatment 
of the patient during the first admission to the hospital — a high protein 
diet approximating that described by Epstein was commenced The 
data shows the progress made The lesults of the lenal test meal on 
admission and piior to discharge are of interest The latter shows a 
marked improvement in function Theie is a noimal water balance 
only a slight salt letention and a normal nitrogen balance The varia- 
tion in volume and density of the periodic specimen is normal The 
excretion of total solids is increased, above that found on admission, 
on a diet of the same total solid content Improvement is also shown 
by the fall in the cholesterol content of the blood to near the normal 
level (normal 140 to 180), and by the increased concentration of urine 
urea following the ingestion of uiea That some impaiiment is still 
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Our case does not repiesent the pure foim described by Epstein, but 
corresponds to a nephrosis, piobably superimposed on, or associated 
with, a chronic nephritis Epstein points out that such cases as this 
mixed type are not uncommon m his experience The presence of a 
nephrosis in our case is demonstrated by the chemical analyses of the 
blood (high cholesteiol and low protein content, and reversal of 
albumin-globulin ratio), the clinical history of the onset and course of 
the case following the treatment with a high protein diet The object 
here is to present briefly the clinical history and laboratory data 
obtained throughout a period of six months 


Table 1 — Effect of Feeding a Pioicin Rich Diet in Cases of 
Pai cnchymaious Ncflii itis 




Total 



Globulin, 

Case 

Period 

Protein 

Albumin 

Globulin 

Percentage 

4 

Before 

4 24 

2 93 

131 

31 


After 

5 27 

3 59 

1 OS 

32 

S 

Before 

7 60 

4 20 

3 34 

44 


After 

7 75 

4 50 

3 25 

42 

9 

Before 

5 70 

3 75 

2 01 

35 


After 

012 

392 

2 20 

36 

11 

Before 

0 09 

1 14 

1 95 

32 


After 

6 37 

4 40 

1 91 

30 


REPORT OF A CASE 

Histoiy — A woman, aged 37 years, was first admitted on Oct 23, 1922, to 
the medical wards of the Montreal General Hospital, in the service of Dr F G 
Finley She was apparently in good health until on Oct 1, 1922, when she 
first noted swelling of both feet There were no other complaints The family 
and personal history were irrelevant 

Phvsical Eianimation — The patient appeared comfortable in any posture 
There was marked pallor The ocular and buccal mucosae were pale The 
legs were edematous The blood pressure was systolic, 210 mm of mercurVj 
diastolic, 116 mm of mercury R C D — (R C D refers to the areas of 

relative cardiac dulness found on percussion) A systolic murmur at the apex 
replaced the whole of the first sound The electrocardiogram was normal 
Breath sounds were vesicular Many loud sibilant rhonci were heard all over 
the chest In the fundi there was degeneration of the arteries but no exudate 
or hemorrhage The patient had marked albuminuria and there were many 
casts The specific gravity was 1 030 

The renal test meal showed a tendency toward fixation in density and volume 
in the periodic specimen, and a nocturnal polyuria The blood urea nitrogen 
was 24 mg per 100 c c creatmm 1 5 mg The urea concentration of the 
urine following ingestion of 15 gm of urea was 129 per cent after the first 

second hour There were 3,200000 red blood 
ce Is, 7,800 wbite blood cells and 50 per cent hemoglobin The usual treat- 
ment, including a salt free, low protein and restricted fluid diet, and purgation, 
was given Throughout the course in the hospital, the temperature was normal 
On Nov 1, 1922, the patient was discharged slightly improved There was still 
some edema present about the ankles The blood pressure was systolic, 180, 
diastolic, 100 

Second Admission —Th& patient was readmitted on Feb 3, 1923, with a 
history of being well only three days after discharge from the hospital On 
admission the positive findings were marked pallor, general anasarca, oliqutm 
and good appetite The blood pressure was systolic, 214, diastolic, HO 
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present, is shown by the peisistence m the increased amount of blood 
urea nitrogen, a nocturnal polyuria in the renal meal, and diminished 
day-night ratio of excretion of solids Accurate data of the effect of 
the diet on the salt, water and nitrogen balance were not recorded early 
in the period of observation To obtain data on this phase of the 
subject, the patient was placed under routine metabolism orders All 
food and fluids were prepared in and served from the metabolism diet 
kitchen The collection of urine was accurately controlled The total 
salt, watei and nitiogen content of the diet, including the salt and water 
content of the solid food, were calculated from the Atwater-Bryant 
food tables A few residues were calculated and subtracted on the 
same basis A constant diet was given, and it will be noted m Table 9 
that the patient had, as she stated, a good appetite, little residue being 
recoided m only a few instances duimg the entire period of observa- 
tion It will be noted also that although sufficient salt was given daily 
to make the food palatable, this did not affect the favorable progress 
of the case and the end result The salt was not only totally eliminated, 
but dm mg the entire period in which records were kept, forty days 
(fiom March 8 to April 16) there was a total excretion of 47 gm of 
salt (calculated as sodium chlorid) in excess of that ingested This is 
contiary to expectation, if this is a case m which the only, lesion present 
IS that m which the kidneys are unable to excrete salt This loss of 
salt may paitly explain the clinical result The patient was discharged 
on April 19, 1923, weighing 123 pounds, the edema had completely 
disappeared Since the weight remained the same after the institution 
of the high protein diet m spite of the complete absence of edema, it 
appears reasonable to assume that the patient actually gamed real 
tissue weight on this diet This coi responds with the improved clinical 
appearance of the patient The various tables show that with the 
clinical improvement theie was piactically a return to normal m the 
protein composition of the blood serum, including the total amount 
and albumin-globulin ratio The data also show that the high protein 
diet did not at any time react unfavorably 

SUMMARY 

A case of chronic nephritis associated with a chronic nephrosis is 
recorded The usual treatment of chronic nephritis, including restric- 
tion of salt water and nitrogen, caused improvement to a certain stage, 
which became stabilized , the edema still persisted Following the insti- 
tution of a high protein diet there was no evidence of a further increase 
in the nonprotem nitrogenous elements m the blood and no clinical 
symptoms suggestive of any harmful effects The end result was a 
marked improvement m the clinical picture, with a complete disap- 
pearance of the edema Improvement was also shown by the chemical 
state of the blood and renal function tests 
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Table 2 — Blood Semm Piotein Estimations 


Date 

Total 

Protein 

Albumin 

Globulin 

Globulin 

Percentage 

Cholesterol 
Gm percent 

February 11 

39 

130 

2 60 

066 

0781 

February 27 

37 

1 45 

2 25 

610 


March 18 

58 

288 

298 

513 

0 426 

April 17 

772 

4 67 

305 

39 6 

0 201 




Table 

, 3 — Kidney 

Function 






Blood 



Urine, 



^ 

» 


-N Urea Concentration, 



Urea 

Great 

Sodium 

Percentage 



Nitrogen 

min, 

Ohlorid 





Milligrams 

Milligrams 

Per- 

First 

Second 


Date 

per 100 C c 

per lOO C c 

centage 

Hour 

Hour 

February 

3 

52 

1 46 

0 6CS2 




8 

22 

1 50 





12 

20 

1 50 


090 

100 


21 

28 

158 


0 78 

081 

JInrch 

7 

52 

20 





9 



0 6188 




15 

56 

1 53 

0 6188 




19 

48 






21 

54 

1 62 




April 

9 

50 


0 544 5 




18 

55 

1 42 

0 610j 

1 41 

200 



Table 4 — Salt, 

\‘ittogcn and IVatci 

Balance 



Date 

■Nlareli 8 
9 
10 
11 
12 
13 
11 

15 

16 
IT 
18 

19 

20 
21 
oy 

23 

24 

25 
2G 
2T 
2S 
29 
SO 
31 

4.pnl 1 

7 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 



IntaLe 

1 



Output 

A 


t 

Sodium 


! 

Sodium 


Water 

Ohlorid 

Nitrogen 

Water 

Ohlorid 

Nitrogen 

1,750 

60 

15 6 

550 

116 

90 

1,750 

60 

15 6 

950 

92 

89 

1 750 

60 

15 6 

1,020 

13 9 

63 

1,750 

60 

15 6 

870 

12 6 

92 

1,750 

60 

15 6 

950 

14 0 

111 

1,750 

60 

15 6 

1,250 

55 

13 2 

1,750 

60 

15 6 

1,000 

6 0 

16 8 

1,750 

60 

10 2 

1 350 

54 

98 

1,750 

60 

15 6 

1,475 

70 

10 0 

1,750 

60 

15 6 

1,400 

59 

110 

1,750 

60 

15 6 

1,380 

71 

14 6 

1,750 

60 

15 6 

1,770 

49 

14 6 

1,750 

60 

15 6 

1,320 

58 

16 6 

1,750 

60 

15 6 

1,350 

59 

14 8 

1,750 

60 

15 6 

1,125 

62 

95 

1,750 

60 

15 6 

1,260 

60 

151 

1,750 

60 

15 6 

1,120 

40 

129 

1,260 

60 

15 6 

900 

50 

12 3 

1750 

60 

15 6 

1,230 

59 

85 

1,750 

60 

15 6 

1,260 

72 

14 3 

1,750 

60 

15 6 

1,400 

50 

15 6 

1,750 

60 

16 6 

1,000 

36 

16 7 

1,750 

60 

15 6 

1,350 

64 

10 3 

1,750 

60 

15 6 

1,400 

61 

13 7 

1,200 

60 

15 6 

9S0 

58 

12 54 

1,750 

60 

16 6 

1,500 

78 

121 

1,750 

60 

13 8 

1,370 

66 

14 6 

1,250 

60 

15 6 

1,370 

60 

14 3 

1 750 

60 

16 6 

1,240 

69 

151 

1,750 

60 

15 6 

1,030 

57 

12 6 

1,750 

60 

15 6 

1,125 

72 

161 

1,760 

60 

15 6 

1,100 

44 

15 8 

1,600 

60 

15 6 

1,255 

62 

17 8 

1,200 

1750 

60 

119 

1,325 

63 

101 

60 

15 6 

1,070 

47 

14 0 

1,750 

60 

16 6 

1,260 

60 

16 0 

1760 

60 

15 6 

1,100 

74 

13 3 

1,750 

1750 

6 0 15 6 

Eenal meal day 

1250 

70 

12 4 

1 750 

60 

15 6 

1,125 

72 

13 3 
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In Table 1 the collected clinical data concerning the patients is 
given In Table 2 the data of the blood oxygen analyses and basal 
metabolism determinations is given, and in Table 3 data concerning 
the control subjects 

In reviewing the literature, it was found that Bondi and Mueller ^ 
m 1909 studied the systolic output of the heart by an arm plethysmo- 
graph method, and included seven diabetic persons among a group of 


Table 1 — Oxygen UnsaUnatwn and Chmcal Data in Patients ivith Arteun- 

scleiosts and with Diabetes 


Pa 

tient 

1 

Age 

Habitus 

Dura- 

tion 

of 

Dia 

betes 

Arterio- 

sclerosis 

Sugar 

in 

Urine 

Blood 

Sugar 

Per 

eentage 

Blood 

Pressure 

Oxygen 

Unsntu 

ration, 

%by 

Volume 

Other 

Diagnoses 

1 

48 

Normal 

IS mo 

Slight 

0 

0 212 

122/ 

12 07 

None 

0 

44 

Obese 

12 mo 

None 

0 

0150 

140/ 92 

15 10 

None 

3 

42 

Normal 

7 ir 

None 

0 


120/ 84 

715 

None 

4 

39 

Obese 

30 mo 

None 

0 

0177 

116/ 80 

12 39 

None 

5 

05 

Normal 

12 mo 

Modrr ite 

0 

0140 

170/ 90 

7 49 

None 

G 

54 

Normal 

0 mo ’ 

None 

0 

0130 

155/ 90 

7 91 

Chronic myocar- 
ditis 

7 

66 

Slight 

wasting 

2 yr 

Slight 

Trace 

0110 

124/ 70 

11 45 

Neuritis 

8 

54 

Normal 

6 yr 

Moderate 

0 

0 080 

240/130 

9^0 

Angina pectoris 

9 

38 

Normal 

? 

None 

08% 

0090 

165/120 

7 02 

None 

10 

or 

Wastecl 

2 yr 

Slight 

0 

0 250 

124/ 72 

4 57 

None 

11 

43 

Wasted 

4 yr 

None 

0 37% 

0160 

142/100 

1 SO 

None 

12 

71 

Wasted 

? 

Definite 

Trace 

0180 

185/110 

9 98 

None 

13 

51 

Normal 

14 yr 

blight 

Trace 

0140 

ISO/ 70 

9 55 

None 

14 

42 

Normal 

4 yr 

None 

Trace 

0110 

100/ 58 

8 49 

None 

15 

54 

Slight 

wasting 

Wasted 

3 yr 

Moderate 

0 

0120 

ISO/ 84 

10 03 

None 

10 

62 

1 yr 

Moderate 

0 

0140 

155/ 90 

7 49 

Active pulmonary 
tuberculosis 

17 

49 

Obese 

4 mo 

None 

0 

0140 

ISO/ 80 

7 GO 

None 

18 

18 

Wasted 

4 mo 

Very 

slight 

1S% 

0 290 

118/ 80 

4 50 

Active pulmonary 
tuberculosis 

19 

13 

Wasted 

13 mo 

None 

2 94% 

0 250 

85/ 45 

8 68 

None 

20 

48 

Obese 

? 

Very 

slight 

0 


150/125 

6 45 

Chronic myocar- 
ditis 

21 

30 

Wasted 

5 yr 

None 

0 37% 

0190 

110/ 75 

9 22 

Cataract 

22 

21 

Wasted 

18 mo 

None 


0 230 

92/ 72 

7 24 

None 

23 

23 

Thin 

3 mo 

None 

12% 

0195 

118/ 90 

9 84 

None 

24 

33 

Wasted 

14 mo 

Moderate 

0 

0 239 

76/ 40 

2 41 

None 

25 

53 

Obese 

5 yr 

None? 

0 

0174 

148/ 99 

1187 

None 

20 

52 

Normal 

5 yr 

Slight 

0 75% 

0 210 

115/ SO 

571 

None 

27 

38 

Wasted 

9 mo 

Slight 

0 

0 336 

100/ 64 

12 50 

None 

28 

28 

Wasted 

6 mo 

None 

5 8% 

0 253 

105/ 70 

7 32 

None 

29 

50 

Obese 

3 mo ? 

None 

0 

0157 

148/100 

10 85 

None 

30 

50 

Wasted 

4 yr 

Slight 

0 

0195 

128/ SO 

12 36 

None 

31 

GO 

Normal 

3 yr 

None 

016% 

0183 

145/ 80 

12 17 

None 

32 

22 

Normal 

30 mo 

None 

0 

0 276 

104/ 76 

13 65 

None 

33 

57 

Obese 

9yr 

Moderate 

0 

0151 

165/ 80 

12 06 

Diabetic ulcer 

34 

62 

Obese 

? 

Slight 

0 

0 265 

134/ 60 

8 36 

Duodenal ulcer 


other patients By this method three of the seven diabetic patients had 
a smaller systolic output than normal In 1922, E Koch ® studied the 
rapidity of the circulation by injecting a dye into the vein of one arm 
and noting the time before its appearance in the vein of the opposite 
arm In the five cases of diabetes included among a large number of 
miscellaneous cases, the rate was slower than normal 


4 Bondi, S , and Mueller, A Deutsch Arch f klm Med 97 569, 1909 

5 Koch, E Deutsch Arch f klm Med 140 30, 1922 












Fig 1 — The vertical lines represent the oxygen unsaturation of the venous 
blood in per cent by volume The broken line in the control group represents 
the average normal found by Lundsgaard The horizontal line is at the average 
height of the control group 



Fig 2 — Venous oxygen unsaturation in per cent by volume of fourteen 
diabetic patients who had two or more determinations during the course of treat- 
ment The time is charted in days along the base line The interrupted line 
indicates the average normal 






GRANT— DIABETES MELLITUS 


769 


In twenty-nine of the patients determinations of the basal metabo- 
lism were made, many of them in connection with a study of insulin 
being earned on by Di Fitz and Dr Murphy These determinations 
were made in duplicate by Miss G Kauffmann, using the Tissot 
method, the expired an being analyzed in the Haldane apparatus, and 
the oxygen consumption pei minute thus accurately ascei tamed In 
these patients, immediately after the completion of the basal metabolism 
determination, while the patient was still under basal conditions, sam- 
ples of blood were diawn without stasis and under oil from the anti- 
cubital vein and fiom the radial aitery, and analyzed foi oxygen 
content and oxygen capacity I then indulged m the luxury of calculat- 
ing a fignie for the blood flow on the basis of these figures, realizing 
fully the fallacy of attempting to calculate the blood flow of the body 


Table 3 — Data Coiicci iitng ConUol Subjects 


Sub 

jeet 

1 

Diagnosis 

0\j gen 
Onpac 
ity, 

% by 
Volume 

Venous 

0\^gcn 

Con 

tent, 

%bv 

Volume 

Arterial 

Oxygen 

Con 

tent, 

, %by 
Volume 

Oxygen 

Unsatu 

ration, 

%by 

Volume 

Basal 

Metab- 

olism 

Per- 

centage 

Oc 

Oxygen 

Intake 

per 

Minute 

Surface 

Aren, 

SQuare 

Meters 

Index of 
Blood 
Plow 
per 

Minute, 

0 e 

A 

Normal 

20 G2 

■TfW 

20 8-1 

4 23 

0 

235 

1 08 

3,143 

K 

Normal 

17 20 

BniiW 

17 22 

0 70 

+11 

218 

163 


E 

Normal 

17 85 

12 CS 

17 40* 

617 

— 9 

107 

1 38 

2 828 

G W 

Normal 

20 65 

10 08 

20 04* 

101 

— 7 

210 


3,244 

0 

Artlirltls 

17 93 

1147 

17 48* 

0 40 

+ 7 

230 

1 6-1 

2,081 

P 

Inactive pul 
monary tu- 
boiculosis 

20 23 

14 71 

19 38 

6 62 

+12 

295 

1 91 

3,012 

R 

Constipation 

2129 

14 90 

20 70* 

0 83 

— 0 

232 

1 78 

2 545 

J 

Acromegaly 

17 51 

13 73 

10 98 

3 78 

+14 

200 

174 

4,597 

D 

Adenoma of 
tlivroid 

19 29 

15 10 

18 76 

4 10 

0 

235 

1 03 

3,915 

W 

s r 

H 

Duodenal ulcci 
Normal 
Norm il 

1 

1818 

19 03 

18 41 

9 94 

12 32 

12 88 

18 53 

821 

071 

6 53 

— 4 

230 

183 

1 601 


* Tlio nrtcrinl blood vas not obtained in these Instnnecs, but was assumed to bo 97 5 
per eent saturated 


by using factois m which the utilization of oxygen from blood in only 
one part of the body (the arm in this case) is included The oxygen 
consumption was divided by the diffei ence between the oxygen contents 
of the arteiial and the venous blood, and, since the oxygen consumption 
IS proportional to the suiface aiea, the figuie obtained was divided by 
the surface aiea in order to compare peisons of different sizes more 
accurately Natuially, the figures thus obtained did not actually repre- 
sent the total blood flow They may, however, lepiesent a rough index 
of the volume of the cii dilation in the aim 

The results of these calculations showed a striking difference 
between the twenty-nine diabetic and ten control subjects Of the 
diabetic persons, all but thiee had a figuie for the blood flow which 
was lowei than the aveiage noimal, and the average figure for all 
the diabetic persons was 1827 c c , as compared with 3024 c c fof the 













768 


ARCHIVES OF INTERNAL MEDICINE 


Table 2 — Blood Oxvoen Analyses and Basal Metabohsm 


Patient 

Oxygen 

Oapac 

ity, 

%by 

Volume 

Venous 

Dxigcn 

Con 

tent, 

%by 

Volume 

Arterial 
Oxj gen 
Con 
tent, 
%by 
Volume 

Oxygen 
Uns itu 
ration, 
%by 
Volume 

Basal 

Metab 

olism 

Per- 

centage 

0 C 

Oxj gen 
Intake 
per 

Minute 

Surface 

Area, 

Square 

Meters 

Pulse 

Rate 

Index 

of 

Blood 
Plow 
per Min , 
0 c 

1 

21 52 

9 45 

20 45 

12 07 

— 4 

240 

1 82 

68 

1,199 

2 

22 93 

783 

22 08 

1510 

— 1 

285 

211 

91 

886 

3 

20 37 

13 22 

19 57 

715 

2 

236 

171 

85 

2,173 

4 

18 70 

6 31 

18 23* 

12 39 

+ 4 

201 

161 

89 

1,117 

5 

20 99 

13 50 

20 47* 

7 49 

— 0 

220 

1 83 

78 

1,725 

6 

20 53 

12 56 

20 49 

7 97 

-1 4 

205 

1 62 

64 

1,596 

7 

20 05 

800 

19 00 

11 45 

—21 

101 

164 

82 

893 

8 

17 78 

858 

17 34* 

9 20 

— 3 

250 

195 

60 

1 464 

9 

22 64 

15 52 

22 90 

7 02 

+12 

2E0 

183 

90 

2,101 

10 

18 67 

14 00 

18 02 

4 57 

— 1 

170 

1 38 

SO 

2,f67 

11 

16 49 

14 09 

1011 

180 

—27 

150 

1 60 

64 

7042 

12 

1810 

812 

17 5t 

9 98 

— 5 

168 

144 

09 

1,165 

13 

1715 

7 60 

17 39 

9 55 

—13 

188 

164 

60 

1171 

14 

17 40 

8 91 

16 90 

8 49 

—12 

216 

180 

61 

1,491 

15 

19 22 

829 

18 78 

10 93 

—14 

2C0 

1 81 

55 

1,085 

2 days later 

18 49 

5 88 

18 03* 

12 01 

—14 

200 

182 

55 

934 

16 

18 52 

1103 

18 00* 

7 49 

(+10)1 

(201) 

(153) 


(1,869) 

5 days later 

18 66 

1317 

17 41 

5 49 

+10 

201 

1 53 

77 

2,444 

17 

20 92 

13 32 

20 40* 

7 00 

(- C) 

(204) 

(170) 


(1,200) 

7 days later 

1913 1 

10 89 

17 93 

8 24 

— 0 

204 

170 

74 

1,705 

18 

1811 

13 55 

17 51 

4 56 

+ 3 

194 

1 40 

67 

3,493 

48 days later 

1717 

13 22 

10 93 

3 95 

— 5 

175 

1 38 

87 

3 418 

19 

17 95 

9 37 

17 95 

858 

—40 

113 

107 

63 

1,231 

7 days later 

16 75 

12 39 

10 75 

4 30 

—40 

117 

1 11 

60 

2 401 

27 days later 

14 88 

559 

14 SO 

9 29 

—35 

124 

110 

51 : 

1224 

20 

20 84 

15 47 

20 32* 

5 37 

+28 

303 

1 85 

124 1 

3,377 

15 days later 

20 65 

14 20 

2013* 

6 45 

— 7 

221 

1 85 

93 

2,015 

21 

19 21 

14 10 

10 31 

511 : 

+13 

249 

1 57 

IS 

3,044 

12 days later 

17 36 

814 

17 04 

920 1 

—16 

183 

1 57 

57 

1,310 

25 days later 

16 78 

950 

16 30* 

720 I 

—16 

187 

1 60 

67 

1,719 

22 

1811 

13 78 

18 00 

4 33 

— 1 

100 

125 

77 

2,623 

10 daj slater 

17 08 

10 44 

17 58 

7 24 

— 6 

159 

1 28 

74 

1,740 

23 

19 71 

987 

19 22* 

981 

(-24) 

(163) 

(155) 


(1,050) 

9 days later 

18 24 

10 60 

18 24 

7 64 

—24 

153 

1 65 

59 

1,292 

40 days later 

15 50 

9 49 

15 28 

6 01 

—21 

157 

1 55 

07 

1,750 

5mos later 

17 40 

10 23 

17 28 

717 

—25 

141 

147 

03 

1,361 

24 

18 68 

10 27 

18 21* 

2 41 

(-38) 

(123) 

(152) 


(4,171) 

9 days later 

17 04 

12 36 

16 57 

4 68 

—38 

123 

1 62 

54 

1922 

40 days later 

14 72 

11 50 

14 31 

3 22 i 

—20 

154 

I 52 

61 

3,605 

50 days later 

17 68 

14 45 

1719 

3 23 

—15 

157 

149 ! 

05 

3 846 

Smos later 

16 23 

13 36 

16 19 

287 

—IS 

168 

1 50 

05 

3 957 

25 

18 97 

710 

18 50* 

1187 

(0) 

(261) 

(2 10) 


(1,090) 

8 days later 

18 95 

977 

17 86 

918 

0 

261 

210 

67 

1,536 

26 

19 61 

13 90 

19 12* 

5 71 

(—23) 

(160) 

(1 59) 


(1,928) 

2 days later 

18 89 

12 67 

18 42* 

6 22 

(—23) 

(100) 

a 59) 


(1,750) 

12 days later 

17 73 

992 

17 31* 

781 

(—23) 

(100) 

a 59) 


(1,365) 

20 days later 

1711 

10 29 

16 77 

0 82 

—23 

160 

1 59 

63 

1,653 

27 

16 68 

418 

10 20* 

12 50 

(— 1) 

(206) 

(148) 

(74) 

(1,152) 

38 days later 

16 87 

11 10 

10 45* 

5 77 

—12 

188 i 

1 55 

64 

2 267 

28 

19 09 

1177 

18 61* 

7 32 

(— 4) 

(204) 

(1 63) 


(1,950) 

6 days liter 

19 49 

13 53 

1900* 

590 

— 4 

204 

1 53 

61 

2,437 

29 

19 71 

880 


10 85 






30 

17 36 

5 00 


12 36 




1 


31 

2121 

9 04 


12 17 




1 


32 

19 22 

5 57 

18 74* 

13 65 

(— 5) 

(230) 

1 (1 73) 


(1,010) 

7 days later 

20 26 

824 

19 75* 

12 02 

— 5 

230 

1 73 

51 

1,155 

22 days later 

18 40 

5 35 

17 95* 

13 05 

(— 5) 

(230) 

(1 73) 


(1,050) 

5%mos later 

17 91 

11 41 

17 46* 

660 

+ 9 

272 

1 78 

62 

2,526 

6 mos later 

17 90 

1179 

17 45* 

611 i 

— 9 

227 

177 

57 

2,266 

33 

19 68 

7 62 


12 00 






4 days later 

18 91 

7 69 


11 22 






14 daj s later 

18 76 

7 78 


10 9S 






34 

20 98 

12 62 


8% 






8 days later 

14 54 

832 


022 







* The arterial blood was not obtained m these instances, but was assumed to be W 5 
per cent situratea 

1 The determinations of the basal metabolism ■were not always made each time bipod 
samples ^ ere talvcn m which ^se figures from other determinations on the same patient 
uere used m the calculations These figures are enclosed m parentheses 








GASTRIC SECRETION IN RESPONSE TO 
DUODENAL FEEDING 

A L GARBAT, MD 

Associate Visiting Physician and Bacteriologist, Lenox Hill Hospital 

NEW YORK 

The treatment of gastnc diseases by duodenal alimentation attempts 
to put the stomach at rest from its motor activity, as well as from its 
secretoiy action It became of mteiest to the writer to determine to 
what extent one can actually eliminate the function of the gastric epi- 
theha With this object m view, experiments by means of two duode- 
nal tubes were begun on July 7, 1921, and continued to the piesent 
time I mention this date, because recently Heller ^ employed the 
same principle for othei woik 


TECHNIC 

The Emhom tube was first allowed to pass into the duodenum in 
the usual way After it was definitely proved in place and duodenal 
alimentation had been successfully carried out, another duodenal tube 
was swallowed, but not allowed to pass out of the stomach It was at 
times difficult to have this second tube rest at the most dependent por- 
tion of the stomach One must be certain that this is the case, as other- 
wise aspiration will not bring forth the secretions At times it required 
the roentgen rays to visualize its proper position Then, too, it is often 
necessary to change the posture of the patient from reclining to sitting, 
or vice versa, or fiom one side to another, to enable proper suction A 
tight asbestos aspirating syringe is employed In spite of all these 
precautions, complete emptying of the stomach by aspiration is well 
nigh impossible, because of the changing position of the tube 

DUODENAL ALIMENTATION 

The feedings took place every two houis, and consisted of 7 ounces 
(200 gm ) of milk, two eggs, one-half diam (1 95 gm ) of lactose, one 
square of butter and a pinch of salt The regular Einhorn duodenal 
outfit was used, and the aim was always that each feeding should not 
take less than twenty minutes As a rule, seven feedings a day were 
given — at 8, 10, 12, 2, 4, 6 and 8 o’clock, and twice a day 500 c c of 
warm saline wei e allowed to enter the duodenal tube by the drip method 

* Read at the American Gastro-Enterological Association, Atlantic City 
April 30, 1923 

"’"From the laboratory and medical division of the Lenox Hill Hospital 
Service of Dr J Kaufmann 

1 Heller, E P Employment of Two Duodenal Tubes m Gastro-Enterolosv 
J A M A 80 31 (Jan 6) 1923 
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normal subjects, a reduction of 40 per cent (Fig 3) Ten of the 
diabetic persons had a basal metabolism of from 17 to 40 per cent 
below normal, with a correspondingly low oxygen consumption Tins 
would account for part of the lowering of the figure in these ten sub- 
jects, but not entirely, because seven of them had a definitely increased 
oxygen unsaturation in the venous blood Two of them, with basal 
metabolisms of — 38 and — 27, had oxygen unsaturations which were 
markedly lower than normal, so that the figure for the blood flow was 
actually greater than normal The low metabolic rates m these patients 
were presumably due to the prolonged period of undernutrition 

Arteriosclerosis is undoubtedly the factor of prime importance in 
the producion of diabetic gangrene, but it is interesting to speculate 



Fig 3 — The vertical line represents the figures obtained in calculating the 
index of minute volume of blood flow in the arm The horizontal line is at the 
average height of the control group The group of diabetic patients at the extreme 
right IS composed of those having basal metabolic rates from 10 to 40 per cent 
below normal 

as to the possible relationship between the increased oxygen unsatura- 
tion, independent of arteriosclerosis, and the susceptibility of diabetic 
persons to gangrene and infections of all sorts 

SUMMARY 

1 The average venous oxygen unsaturation of thirty-four diabetic 
patients was found to be 59 per cent greater than the average normal 

2 This increase in the venous oxygen unsaturation would seem to 
indicate a slow blood flow through the arm in diabetic patients How- 
ever, this cannot be definitely stated to be true The data concerning 
the blood oxygen is offered merely as an addition to the mass of slowly 
accumulating facts known about diabetes mellitus 
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In order to show that this gastric response after duodenal feeding was not 
accidental or exceptional, eight additional examinations were made on different 
days at different times and at different intervals after the duodenal feedings, 
and at no time was the stomach found free of secretion As is seen in Table 3, 
one could aspirate quantities vaiying from 3 to 75 cc, and with acid contents 
as high as free hydrochloric acid 100 and total acidity of 110, figures much 
higher than those noted after the Boas-Ewald meal 

This patient sufteied fiom an irritative form of gastric disorder, 
but of a model ate type and not the more maiked form usually 
designated as alimentary hypersecretion 


Table 3 — Secietwn Aftei Duodenal Feeding 



Time of Gastric 


Free 



Aspii ation 

Amount 

Hydro 



Before or After 

of 

chloric 

Total 

Hour of Duodenal Feeding 

Duodenal Feeding 

Secretion 

Acid 

Acidity 

July 13, 1921, 10 1 m (milk egg mixture) 

5 mm before 

15 c c 

8 

28 

11 a m (saline solution) 

30 min after 

10 c c 

50 

80 

50 min after 

SOc c 

32 

56 

12 p m (milk egg mixture) 

5 min before 

15 c c 

SO 

100 

2 hours after 

See 

40 

68 


3V& hours after 

Sec 

30 

60 

4pm (milk egg mixture) 

30 min after 

12 c e 

66 

88 

hours after 

13 c e 

lOO 

110 

July 14, 1921, 8 10 p m (milk egg mixtuie) 

25 mm after 

45 c e 

80 

94 

50 mm after 

SO c c 

62 

74 


1 hr 20 min after 

22 c e 

80 

lOO 

4pm (milk-egg mixture) 

30 mm after 

45 c c 

80 

94 

10 SO 1 m (milk egg mixture) 

30 mm after 

75 c c 

46 

56 

9 15 p m (milk-egg mixture) 

SO mm after 

17 c c 

56 

60 


Table 4 — Findings Aftei Employing the Two Tube Experiment 




Free Hydro- 

Total 

Duodenal Feeding at 4 to 4 20 

Amount 

chloric Acid 

Acidity 

Gastric aspiration just before feeding 

5 c c 

0 

20 

Gastric aspiration at 4 30 p m , 10 min after 

89c c 

52 

66 

Gastric aspiration at 5 00 p m , 40 min after 

35 c c 

40 

62 

Gastric aspiration at 5 30 p m , 70 mm after 

Gastric aspiration at 0 00 pm, just before next 

20 c c 

56 

74 

feeding 

5 c c 

0 

4 

Total 

149 c c 



Duodenal Feeding at 6 to 6 20 p m 




Gastric aspiration at 0 30 p m showed 

105 c c 

46 

60 

Gastric aspiiation at 7 00 p m showed 

28 c c 

SO 

42 

Gastric aspiiation at 7 30 pm showed 

5 c c 

60 

70 

Gastric aspiration at 8 00 p m showed 

See 

4 

8 

Total 

141 c c 




Similar experiments weie repeated on another patient also with a 
moderate gastric secretion 

Case 2 — A man, aged 54 years, suffered at varying intervals for eight years 
with burning pain m the epigastrium, which came on from one to three hours 
after eating and was relieved by taking food or bicarbonate of soda In 
addition, he had acid eructations, heartburn, hiccups and frequent vomiting 
of sour material He had lost 20 pounds (9 kg ) during his illness, but the 
greater part m the last three weeks Roentgen-ray examination showed marked 
gastroptosis and deformity of the cap, which, however, was not constant On 
aspiration three-fourths hour after the Boas-Ewald test meal, 151 c c of gastric 
contents were obtained, with a free hydrochloric acid reading of 31 and total 
acidity of 58 




772 


ARCHIVES OF INTERNAL MEDICINE 


REPORT OF CASES 

Case 1 — W , a salesman, aRcd 35, admitted to the service of Dr J 
Kaufmann at the Lenox Hill Hospital on June 29, 1921, had complained for 
five months of a burning feeling and bloated sensation in the epigastrium 
associated with acid eructations and belching These disturbances would come 
on about an hour after eating and continue indefinitely until the next meal, 
when he would again be relieved for a short time by food At night he had 
a gnawing pain in the pit of his stomach The bowels were constipated He 
had lost 16 pounds (7 25 kg ) in weight in five months He was an asthenic 
type with a low blood pressure (systolic, 104, diastolic, 70) The urine was 
normal A fractional analysis of the gastric contents was made after a 
Boas-Ewald test meal and showed hyperacidity (Table 2) Red blood cells 
were noted microscopically in the gastric contents Roentgen-ray examinations 
were unsatisfactory, because the patient did not hold his breath properly 

Table 1 — Result of Simultaneous Duodenal Feeding and Suction on the' 

Gasliic 'lube 


Immediately after the first 25 c c 

Amount of Gastric 
Juice Aspirated 
of 

Free Hydro- 
chloric Acid 

Total 

Aciditj 

duodenal feeding 

48 c c 

46 

5S 

15 minutes later 

8 c c 

58 

V4 

so minutes later 

30 c c 

62 

76 

45 minutes later 

12 ce 

18 

40 

1 hour later 

14 c c 

34 

56 

1 % hour later 

14 c c 

42 

60 

2 hours later 

3 c C 

129 cc 

25 

50 


Table 2- 

—Fiec Hydi ocliloj ic 

Acid and Total 
Test Meal 

Acidity Aftei a 

Boas-Euald 




Tree Hj dro 

Total 



Amount 

chloric Acid 

Acidity 

15 minutes 

after Boas Ewald meal 

20 c c 

38 

70 

SO minutes 

after Boas Eavald meal 

42 e c 

48 

78 

45 minutes 

after Boas Evald meal 

29c c 

5S 

so 

60 minutes 

after Boas Ewald meal 

17 c c 

60 

82 


Duodenal alimentation was instituted, and on the third day, the second 
duodenal tube was passed into the stomach Just before the time of a duodenal 
feeding 30 c c of pure gastric juice were aspirated The feeding apparatus 
was then attached to the duodenal tube and feeding started At the same time 
suction wms applied to the gastric tube To our surprise the entrance of the 
first 15 to 25 c c of the milk egg mixture into the duodenum was attended by 
a gush of gastric secretion, so that we were immediately able to aspirate 48 c c 
of pure clear wmtery gastric secretion The duodenal feeding and the suction 
on the gastric tube were simultaneouslv continued, woth the result showm m 
Table 1 

Thus it IS obsen^ed that 130 cc of gastric juice wms secreted during the 
two-hour period of duodenal feeding If a similar gastric response (as is 
reasonable to assume from other experiments) were to take place during each 
feeding, seven times that amount, or approximately 1,000 c c of gastric juice 
wmuld be secreted during the twelve hours of duodenal alimentation The 
figures for free hydrochloric acid and total aciditj'' in this secretion w'ere almost 
as high as those of the gastric contents after a Boas-Ewald test meal, noted 
by fractional examination It was made just after the patient’s admission and 
IS appended for comparison 
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Case 4 — A porter, aged 49, came to the hospital complaining of periodic 
attacks of heartburn and acid gaseous eructations of one year’s duration 
During the last two months they were more frequent In addition he suffered 
from spells of nausea, headache and vertigo , also severe constipation Physical 
examination was negative Roentgen-ray examination revealed an irregularly 
and inconstantly deformed cap held close to the free border of the liver 
Forty-five minutes after the Boas-Ewald test meal, 58 c c of gastric contents 
were aspirated with a free hydrochloric acid of 26 and a total acidity of 50 
The results of a fractional examination after a Boas-Ewald test meal are 
given in Table 7 

The two tube experiment again showed a definite gastric secretion (of 
172 c c ) m association with the duodenal feeding 

It IS interesting to note that in .all of the cases cited theie were 
moderate degrees of an irritative form of gastric disorder, which the 
next patient did not have 


Table 7 — RcstiUs of Fi actional 

Examination Aftei 

a Boas-Ezmid 

Test Meal 


Quantity 

Free Hydro- 
chloric Acid 

Total 

Acidity 

Immediately after taking the test meal 

40 cc 

44 

60 

15 minutes after 

41c c 

42 

54 

SO minutes after 

42 c c 

45 

62 

45 minutes after 

25 c c 

36 

50 

1 hour after 

34 c C 

20 

31 

IVi hour after 

15 c C 

20 

31 

Total 

197 cc 




Table 8 — Results of Tzvo Tube Experiment 


Duodenal Feeding at 4 03 to 4 20 

Quantity 

Free Hydro- 
chloric Acid 

Total 

Acidity 

4 05 to 4 20 obtained from stomach 

60 c c 

37 

49 

4 20 to 4 25 obtained from stomach 

20 c c 

44 

56 

4 25 to 4 30 obtained from stomach 

35 c c 

50 

62 

4 30 to 4 40 obtained from stomach 

10 c c 

44 

56 

4 40 to 5 00 obtained from stomach 

17 c c 

52 

62 

5 00 to 5 20 obtained from stomach 

30 c c 

54 

68 


Total 172 c e 


Case 5 — A waiter, aged 30, admitted on Feb 21, 1922, was highly neurotic 
and complained of vague symptoms of indigestion, belching of gases, sour 
eructations, slight pain in the left side, pain in the rectum and indefinite loss 
m weight Physical and roentgen-ray examinations revealed no organic abnor- 
malities Forty-five minutes after a Boas-Ewald test meal only 12 c c of 
gastric contents could be aspirated, with free hydrochloric acid of 48 and a 
total acidity of 75 

Here, again, the gastric secretion responded in a similar way to 
both gastric and duodenal feeding they both showed a small quantity 
of secretion 

Even more conclusive in this comparative respect were the findings 
m a case of achylia gastnea 

Case 6 — A clerk, aged 36, complained of cramplike pains in the epigastrium 
radiating to the left upper quadrant of the abdomen, without relation to meals , 
his appetite was poor, there was much discomfort after meals Physical 
examination revealed no masses or tenderness , roentgen-ray examination 
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As shown in Table 4, 149 cc of gastric secretion during the period of 
duodenal feeding from 4 to 6 p m and 141 c c during the period of feeding 
from 6 to 8 p m It is interesting to note that there was approximately the 
same type of gastric response to the same duodenal stimulation It should be 
kept m mind for all these experiments that the total quantity secreted by the 
stomach might be even greater than the amount aspirated, because we applied 
suction only every half hour, and some gastric secretion probably passes through 
the pylorus during the interval 

That m this patient, too, the foregoing findings were not exceptional was 
corroborated at other times by passage of the second duodenal tube into the 
stomach, gastric secretion was always obtained 


T'vble S — Findings After Passage of Second Duodenal Tube Into the Stomach 


Date 

Time of 
Completed 
Duodenal Feeding 

Interval 

After 

Feeding 

Quantity 

Free Hydro 
chloric Acid 

Total 

Acidity 

July 21, 1921 

1 OOp m 

10 min 

75 c c 

58 

88 

3 45p m 

15 min 

50 cc 

80 

94 


5 40 p m 

15 min 

6u c c 

84 

100 


7 40 p m 

15 min 

50 c c 

40 

54 


The outstanding characteristic of the gastric secretion in response 
to the duodenal feeding is that it always commences with a gush almost 
immediately after the milk-egg mixture touches the duodenal mucosa 
In both cases cited, gastric secretion after the Boas-Ewald test meal 
was plentiful, although not excessive , this seemed to tally with a similar 
free response of the gastric glands to duodenal feeding Two more 
such cases are quoted to prove that this reaction is not the exception 

Case 3 — A woman, aged 21, an operator, came to the hospital complaining 
of gastric discomfort and gaseous distention after eating, which had existed 
for a year previous to admission In addition, she suffered from occasional 
nausea and severe constipation At times she had diffuse abdominal pains 


Table 6 — Results of Two Tube Eipeiimcnt 


Duodenal Feeding at 3 to 3 25 p m Quantity 

Gastric aspiration during 3 to 3 25 pm 80cc 

Gastric aspiration during 3 25 to 3 40 p m 40 c c 


Total ^20 c c 


Free Hydro 
chloric Acid 


34 

40 


Total 

Acidity 

50 

52 


Physical examination revealed only tenderness over the abdominal arterial 
nerve plexuses Roentgen-ray examination showed no defects in the outline 
of the stomach, but the cap was irregularly although inconstantly deformed 
Forty-five minutes after a Boas-Ewald test meal, 22 c c gastric contents were 
obtained with free hydrochloric acid 44 and a total acidity of 62 The patient 
was placed on duodenal alimentation The results of the two tube experiment 
are given in Table 6 

No secretion could be aspirated after that” until following the next duodenal 
feeding at 5 p m 


2 It is to be noted here as well as in repeated other tests that the mere 
presence of the tube in the stomach was not sufficient to stimulate gastric 
secretion 
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periodically foi about ten ycais fiom attacks which came on aftei shoitcr or 
longer intervals Dining the upsets he would complain of pains and a gnawing 
or huining sensation in the epigastrium or light hypochondi luin associated 
with gaseous ciuctations oi icguigitations of huining acid fluids These dis- 
turbances would come on scvcial horns aftci eating and could he iclicved by 
food 01 by bicarbonate of soda He was often awakened at night because of 
these pains Dining the attacks he lost weight On scvcial occasions the 
stools were daik lie was always tcndci to picssuic in the epigastiium 
Rocntgcn-iav examination m 1918 showed impiopci filling of the cap and 
peiiduodcnal adhesions, and m 1922 thcic was distinct defoimity of the last 
poitioii of the duodenum with fixation, also appcndiculai adhesions A fi ac- 
tional test meal in Apiil, 1922 (aftci two slices of toast and 8 ounces (2S0 gm ) 
of watci) showed definite hj^pci scciotion and hypci acidity 

A total quantity of 288 cc gastiic contents wcic obtained, as shown in Table 
10 Duodenal alimentation was instituted 

Tabic 12 — Result <; of Lalo Duodenal Feeding 


12 15 Btoinncli oiTipty nncl iluodonnl feeding stnrtcd 

Quantity 

12 15 to 12 20 nepirnted from slomnch 45 cc 

12 20 to 1 15 nsplrntcd fioin stoinaoli 150 cc 


Total 201 c c 


Tree Hydro Total 

cliloilcAcid Acidity 

52 08 

80 54 


Tabic 13 — Reudt^: of Duodenal Feeding When Milk-Egg Mixture Was Put' 

Into Stoniaeli Though Tube 


0 50 to 10 00 feedinR tlirouRh 
Htomncli tube 




Free Hydro 

Totnl 



Qunntlty 

chloric Acid 

Acidity 

Description of Aspirnted Fluid 

10 00 to 10 10 nsplintod 

45 c c 

40 

00 

(% inllb, % wbitlsb scciction) 

10 10 to 10 201)5 sIpliontiRc 

01) c c 

no 

so 

(>/l milk, y_ wbitlsb scciction) 

10 20 to 10 30 bv sIplioniiRC 

88 c c 

1)0 

80 

(V, milk % ivbltlsb scciction) 
(All milky fluid) 

10 SO to 10 45 nsplrntcd 

13 C C 

00 

100 

10 15toll OOnsplintcd 

1(1 c c 

70 

102 

{’/„ milk, vbltlsb secretion) 

11 00 to 11 15 nsplrntcd 

57 C c 

80 

110 

0/i milk % wbitlsb secretion) 

11 15 to 11 SO nsplrntcd 

in c c 

00 

81 

(No milk, nil wbitlsb secretion) 


Total 317 c c 


The two tube method showed a suipiismgly similai response m gastric 
secretion after duodenal feeding of the milk-egg mixtuie (April 21, 1922) 
At 10 13 a m the stomach was aspiiatcd, but no secretion was obtained 
Duodenal feeding was started, and, just as in the foimer cxpciimcnts, thcic 
was at once a gush of puie gastiic juice 

As shown in Table 11, a total gastric scciction of 286 cc in i espouse to 7 
ounces (200 gm ) of duodenal alimentation, while the same amount of gastiic 
juice was stimulated by taking two slices of toast and a cup of tea by mouth 
That this paiticular cycle of scciction was not exceptional was pioved at 
a latei duodenal feeding 

Dining the last period (12 20 to 1 IS) the end of the duodenal tube, which 
icstcd m the stomach, was allowed to hang into a bottle placed at a lower 
level than the patient, and the gastiic juice was allowed to diain out by 
gravitation instead of being aspiiatcd It is noted that hi this way only 201 cc 
weie collected, while with ficqucnt suction 286 cc were aspiiafcd Possibly 
the diflcrcncc passed into the duodenum 

The fiist quantity of gastiic scciction, 286 cc, stimulated by duodenal 
feeding, was so suipiismgly piofuse that it was thought inteicsting to compaie 
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showed a deformed or absent cap in all the films Forty-five minutes after a 
Boas-Ewald test meal, only 24 c c were obtained, with no free hydrochloric 
acid and a total acidity of 8 

The two tube experiment was carried out on May 25, 1922, three days after 
the Boas-Ewald test meal The first duodenal tube was swallowed on May 24, 
about 9pm The next morning the tube was in the duodenum, and duodenal 
feedings were given at 10 a m , 12 and 2pm Just before the 4 o’clock 
feeding the second tube was passed into the stomach, and suction yielded no 
secretion Duodenal feeding was given from 4 to 4 25 Aspiration during 


Table 9 — Results of Two Tube Evpenment 




Tree Hydro- 

Total 


Total Amount 

chloric Acid 

Acidity 

Aspiration at S am, just before feeding. 




shoved 

8 c c 

0 

22 

Duodenal feeding 8 to 8 30 

Aspiration at 8 45 

12 c c 

0 

42 

Aspiration it 9 15 

7 c c 

10 

74 

Aspiration at 9 30 

4 c c 

30 

75 

Aspiration at 9 SO 

10 c e 

46 

66 

Total 

33 cc 




Table 10 — Result <: of Fi actional Test Meal 




Free Hi dro 

Total 


Total Quantity 

chlonc Acid 

Acidity 

10 minutes after Boas Evald meal 

30c e 

14 

24 

20 minutes after Boas Evald meal 

34 cc 

19 

28 

80 minutes after Boas Evald meal 

44 c c 

50 

68 

40 minutes after Boas Evald meal 

51 c c 

56 

74 

55 minutes after Boas Ev aid meal 

35 c c 

SO 

94 

1 hour after Boas Evald meal 

38 c c 

50 

62 

1 hour 15 minutes after Boas Evald 

meal 20 c c 

40 

50 

1 hour 45 minutes after Boas Evald 

meal 36 e c 

54 

66 

Total 

288 cc 




Table 11 — Gastnc Juice Aftci Duodenal Feeding 




Free Hydro- 

Total 


Quantity 

chloric Acid 

Acidity 

10 13 to 10 15 (first 2 minutes) 

48 c c 

so 

50 

10 15 to 10 25 (first 10 minutes) 

50 C C 

76 

£8 

10 25 to 10 35 

50 C C 

56 

70 

10 35 to 10 45 

30 cc 

46 

58 

10 45 to 11 00 

50 cc 

48 

68 

11 OO to 11 15 

38c c 

54 

68 

11 15 to 11 so 

15 C C 

00 

70 

11 SO to 11 45 

5 c c 

4 

20 

Total 

286 c c 




this whole time and for one hour after the feeding was stopped could bring 
forth absolutely no gastric juice m spite of continuous and drastic suction with 
the patient in various upright and reclining postures 

Most interesting and instructive were the experiments in a chronic 
ulcer patient with marked alimentary hypersecietion and hyperacidity 
(Later the patient was operated on by Dr Willy Meyei, and the con- 
dition proved to be a gastric ulcer ) 

Case 7 The patient had been at the hospital on two occasions, the first 
time m January, 1918, and the last time in April, 1922 He had been suffering 




DIGITALIS ELIMINATION ' 

HARRY GOLD, MD 

NEW YORK 

The fate of the digitalis bodies in the animal oiganism is one of the 
most mteiesting, though peiplexing, pioblems in the study of this group 
of dings The more basic questions of digitalis action that inevitably 
arise in a consideiation of such phenomena as toleiance, eumulation, 
difference in pei sistence, actions and effects, are impel fectly understood 
A laige hteiatuie has accumulated, still our knowledge is fiagmentary, 
the evidence often contiadictoiy, having been obtained undei a vaiiety 
of expel imental conditions m diffeient animals with diffeient digitalis 
bodies 

Effoits to lecover the digitalis bodies fiom heaits poisoned by them 
have been quite consistently negative ^ While they cannot be lecovered 
fiom living heait muscle bi ought to a standstill, they can be lecoveied 
fiom incubations of the diug with emulsions of the heait muscle " The 
recoveiy of the laigest pait of the diug fiom the supernatant fluid of 
these incubations would contiadict the observation that heait muscle 
contains a substance with a specific affinity foi these glucosides ’ Theie 
seems to be no evidence that these dings aie absoibed by the heait to 
any gi eater extent than by other tissues'* Theie is abundant evidence, 
howcvei, both clinical and expei imental,'’ that the heait is moie suscep- 
tible to these dings than other tissues Perfusion expeiiments have 
shown that minute i eduction in the concentiation of the pei fusion fluid 
occui s in passage thi ough hearts “ Whethei these quantities ai e fixed 
or destioyed by the heait is unknown 

*From the Depaitment of Pharmacology of Cornell University Medical 
College 

1 Cloctta, M, and Fischei, FI F Ueber das Verhaltens des Digitoxins 
im Organismus, Aich f expei Patli ii Pharmalcol 54 294, 1906 Straub, W 
Quantitive Untersuchung des Eindringcns von Alkaloiden in Lebende Zcllen, 
Arch f d ges Physiol 98 233, 1903 Hatcher, R A The Absorption, Excre- 
tion, and Destruction of Strophanthin, Am J Physiol 23 303, 1908 Clark, 
A J The Factors Determining Tolerance of Glucosides of the Digitalis Senes, 
J Pharmacol & Exper Therap 4 399, 1912 

2 Cloctta and Fischer, and A T Clark Footnote 1 

3 Schliomensun, B Ueber die Bindungsvcrhaltnissc zwischen Herzmuskel 
und Digitalis, Arch f exper Path u Pharmalcol 63 294, 1910 

4 I-Jatcher, R A Footnote 1 Clark, A J Footnote 1 

5 Fraser, T R, and Mackenzie, A T Stiophanthus Saimentosus, Its 
Pharmacologic Action and Its Use as an Arrow Poison, Tians Roy Soc 
Edinb 47 341, 1910 

6 Clark, A J The Influence of Ions upon the Action of Digitalis, Proc 
Roy Soc Med Therap & Phaim Sect 5 181, 1912 Straub, W Quantitativ 
Untcrsuchungcn uber den Chemismus clcr Strophanthinwirkung, Biochcm Ztschr 
28 392, 1910 
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how much gastric secretion would be stimulated when the milk-egg mixture 
was put directly into the stomach through the tube rather than into the 
duodenum 

A total of 317 c c gastric contents were obtained, as shown in Table 13 This 
figure might have been a little higher because some of the gastric contents were 
evacuated into the duodenum But, taking even this faetor into consideration, the 
317 cc represented less gastnc secretion than was obtained after the duodenal 
feeding, because the 317 cc included approximately 220 cc. of the original 
milk-egg mixture 

CONCLUSIONS 

It IS evident that one cannot put the stomach at rest from secretion 
by duodenal alimentation alone None of my patients used alkalis by 
mouth or any other medication during the experiments There seems to be 
a defimte cycle of gastric secretion which starts just as soon as food 
enters the duodenum, and which depends on the type of patient we are 
dealing with The greater the response of the secretory mechanism of 
the stomach to food intake by mouth, as in cases with hypersecretion, 
the greater also will be the gastric lesponse to duodenal alimentation, 
the less the gastric response to food in the stomach as in some cases of 
achylia, the less gastric secretion in response to duodenal alimentation ® 
There aie seveial factors which have been found to influence this reac- 
tion of the stomach to duodenal feeding, but they will be taken up m 
another papei The exact physiologic mechanism whereby this reflex 
IS brought about is still to be determined 

3 It IS interesting to make a comparison with the findings of Dr McClure 
He noted that the enrymc concentration of the pancreatic secretion in response 
to various types of foods was the same, no matter whether the feeding was 
into the stomach or duodenum (Paper read at the meeting of the American 
Gastro-Enterological Association ) 
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preparation was determined at intervals of three hours, one day, two 
days, three days, four days, and then at intervals of four days as long 
as persistence was exhibited 

Piofocol of a Typical Evpci iment —4/4/23 Cat Male, weight, 2 66 kg 
Phenol for local anesthesia 10 43, injected 75 per cent cat unit per kg by 
vein (3 99 cc total) 10 45, licks repeatedly 10 57, emesis 

4/6/23 Animal slightly depressed Weight, 248 kg 11 15, began injection 
of ouabain solution 1 250,000 12 00, convulsion , death 

Time 45 minutes Total 25 5 cc injected 

Caknlahon of Elimination — The matter of calculation presented some diffi- 
culties First, as the cat unit is based on the average of several experiments, 
that 75 per cent of the calculated fatal dose should be fatal to some was 
inevitable Second, as the standard cat unit had been established on animals 
under the ordinary conditions of feeding and in the average state of nutrition, 
one could not say whether the cat unit of 0 1 mg ouabain would apph'^ to 
animals that had been starved several days (toxic doses of digitalis producing 
such marked and prolonged digestive upset that the animal would for days eat 
little or nothing and lose considerable weight) Third, the calculation would 
show considerable difference depending on whether the original or the new 
weight on the day of the ouabain injection was used 

We cannot be absolutely certain that the method is correct in all details, 
in fact, we are aware of unavoidable flaws Nevertheless, we feel quite certain 
of the general principles, the validity of which is supported in part by facts, 
in part by rational assumptions That the cat unit based on the average of 
several experiments is a constant, has been repeatedly demonstrated There- 
fore, the animals in which 75 to 80 per cent of a cat unit was fatal, were 
considered more susceptible than the average, the remaining animals more 
tolerant than the average The cat unit was then readjusted for either the 
remaining animals of that series, or, as m one case, for the remaining animals 
used with that preparation Deaths after the first day were entirely omitted 
from the calculation 

Second, to determine whether starvation altered the fatal dose, a number of 
animals were starved over a certain period of time, after which they were 
killed by the slow intravenous injection of ouabin solution 1 250,000 The 
results are given m Table 6 From the quantity of ouabain necessary to kill 
after starvation, the fatal dose per kilogram was determined on the basis of 
the original, the new and the mean of the two weights It is evident, from 
the data, that the old weight brings the fatal dose as far below the cat unit as 
the new weight brings it above, and that the fatal dose equals the standard 
cat unit of 0 1 mg ouabain if the mean of the original and the new weights 
IS taken 

Incidentally, we might note that the fatal dose rises for a time at least with 
'the period of starvation and the percentage of weight lost It is also rather 
interesting that on the basis of the original weight, Animal 3 is more susceptible 
than Animal 4, on the basis of the new weight, their susceptibility is reversed, 
corresponding to the greater loss of weight in Animal 3 A similar tendency 
to a greater rise m the fatal dose corresponding to the greater loss in body 
weight IS also seen in Animals 1 and 2 This phenomenon is prabably due to 
the loss of gastro-intestmal contents, fluid and other body substance that 
normally take up no drug, but affect in lowering the fatal dose per kilogram 
by their weight 

To calculate the percentage of elimination, the amount of ouabain actually 
required to kill after the interval following the initial injection is subtracted 
from the amount theoretically, required to kill an animal weighing the average 
of the original and the new weights, the result representing the amount of 
digitalis in the body The latter subtracted from the amount given in the 



780 


ARCHIVES OF INTERNAL MEDICINE 


The largest part of ouabain or digitoxm is eliminated from the 
blood stream in a few minutes ‘ There is evidence that their disappear- 
ance from the body is determined in part by destiuctioii, iii part by 
elimination through the bile ® and the urine ® 

Studies concerned with the estimation of the drug in the heart, in 
the remaining tissues and in the excreta have yielded m the mam only 
qualitative information The problem has been approached from 
another standpoint, namely, elimination has been determined in terms 
of persistence of action By such a study, Hatcher,^® though not 
attempting to establish the precise curve, about ten years ago, was able 
to show that the so-called cumulative action of digitalis was dependent 
on the persistence of action of previous doses, and that the persistence 
of some digitahns was consideiably longer than that of others He 
considered his results as affording a starting point for a reinvestigation 
of the subject of persistence and cumulation Certain important ques- 
tions remained unanswered, namely, (1) whether different specimens 
of digitalis are eliminated at the same rate, and (2) the nature of the 
line or curve of elimination No subsequent work, either clinical or 
experimental, has investigated these problems This paper is concerned 
with a report of the results obtained in a study of the rate of digitalis 
elimination in terms of persistence of action 

METHOD 

Over 200 experiments were performed on the cat with the following 
preparations three tinctures of digitalis, one specimen of digitoxin, one 
preparation of digitalis, made a year previously, consisting of the frac- 
tion left after ether extraction, and one commercial specimen that had 
been found to be rapidly eliminated The activity of each pieparation 
was first determined in the usual manner in terms of the cat unit 
With few exceptions, 75 pei cent of a cat unit per kilogram of body 
weight was injected by* vein Freshly piepaied ouabain solution 
1 250,000 was then injected slowly into the vein at different intervals 
following the initial dose The persistence of action in the case of each 

7 Hatcher, R A The Elimination of the Digitalis Bodies, JAMA 
61 386 (Aug 9) 1913 

8 Hatcher, R A , and Eggleston, C Studies in the Elimination of Certain 
of the Digitalis Bodies from the Animal Organism, J Pharmacol & Exper 
Therap 12 405 (March) 1909 Hatcher, R A Footnote 1 

9 Cloetta and Fischer Footnote 1 Hatcher and Eggleston Footnotes 
1 and 8 

10 Hatcher, R A The Persistence of Action of the Digitahns, Arch Int 
Med 10 268 (Sept ) 1912 

11 Hatcher, R A, and Brody, J G Biological Standardization of Drugs, 
Am J Pharm 82 360, 1910 
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COMMENT 

An examination of the data piesented in Tables 1 to 5 will undoubt- 
edly laise the question wbetbei any information as to the general 
bebavioi of digitalis persistence can be obtained in view of such marked, 


Table 3 — Pei cenlagc of Elimination* 


Interv d in Days 3 Hours 

1 

2 

3 

4 

8 

35 2 

500 

1000 

92 0 

72 9 

100(1 

20 0 

531 

100 0 

82 8 

72 0 

100 0 

57 9 

71 0 

lOOO 

618 

63 8 

857 

771 

24 6 

1000 

53 4 



11 3 

100 0 

lOOO 

71 2 





95 3 






857 






518 






500 




Averages 41 9 

59 7 

80 9 

72 4 

CC 4 

05 0 


* The specimen used was tincture digitalis prepared from a German leaf The activity was 
77 C mg per cat unit With this specimen about 8 per cent of the animals (two out of 
thirty si\) died a few minutes after the initial injection Tiic cat unit was readjusted for the 
individual groups wherever neecssary (see method of calculation) About 13 per cent (five 
out of thirty six) of the animals died from tno to six days after the initial injection 
In some of the latter, the symptoms following the initial dose betrayed susceptibility greater 
than the average, in others, no such susceptibility was discerned 


Table 4 — Pciceniage of Elimination ' 


Inten'al in Days 3 Hours 1 

21 0 81 S 

28 3 82 2 

44 8 83 9 

65 2 83 C 


100 0 
07 1 
49 4 
24 0 
12 4 

Averages 38 3 78 2 


2 

3 

4 

65”5 

79 7 

tooo 

05 0 

70 i 

92 7 

00 5 

04 0 

820 

581 

44 5 


100 0 

29 9 


20 3 

100 0 


030 

04 8 

91 7 


* The specimen used was a finetion obtained after ether extraction made about a year 
previously from a specimen of digitoxin Keller The activity was 0 255 cc per cat unit 
With this specimen, only one animal died in a feiv minutes after the initial dose About 6 
per cent (two out of thirty oncl died from one to four days after the initial injection The 
three animals of the four-day series showed slight depression with the first injection A dose 
of 100 per cent of the fatal was then given to another animal (G) On the following day, it 
showed considerable depiession, it died four days aftei the injection Animal 0 of the 
three day series showed peculiar tremors involving the entire body when it was put on the 
board on the second day after the initial injection These nervous symptoms persisted for 
several hours On the following day, it took over 100 per cent of the theoretic fatal dose of 
ouabain to kill 


Table 5 — Peicentage of the Fatal Dose Neccssaiy to Cause Death 


Interval in Days 


Averages 


1 

2 

77 8 

89~4 

94 9 

610 

928 

59 5 

70 8 

571 

510 

39 5 

352 


710 

586 


3 

4 

40 3 

90 2 

54 3 

848 

59 5 

75 2 

87 6 


909 


08 8 

84 5 


Digitoxin Merck 

apparent individual variations It was common experience m Hatch- 
er’s study, as also in the present one, to find that one animal would 
eliminate apparently moie in one day than another would in two or 
thiee days after leceivmg a similar dose of the same pieparation 
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original injection (the ouabain equivalent of 75 per cent cat unit of digitalis) 
gives the quantity eliminated, which, in turn, divided by the amount given in 
the initial dose yields the percentage of elimination 

Example of a Complete Calculation — The quantities are all expressed in 
terms of ouabain Sixty animals used with preparation— their average theoretic 
cat unit,0 1 mg , 23 animals died with 75 to 80 per cent of theoretic fatal dose 
—their average cat unit, 0 0769 mg , 37 animals remaining— their average cat 
unit, 0 114 mg 

Cat 1 , original weight, 3 44 kg , new weight, 3 kg , mean weight, 3 22 kg 
Amount required theoretically to kill = 0 326 mg (3 22 kg X 0 114) Amount 
required actually to kill after twenty-four hours =0 181 mg Therefore, amount 
in body after twenty-four hours = 0 145 mg (0 326 — 0 181) Amount given in 

Table 1 — Pet ceniage of Elimination* 


Interval in 

Days 3 Hours 

1 

151 

15 6 

19 4 

24 6 

22 6 

29 0 

106 0 

31 3 


57 5 

Averages 19 0 

316 


2 

3 

4 

37 6 

18 7 

13 

40 2 

26 0 

35 0 

500 

30 6 

52 8 

53 3 

31 2 

53 5 

60 0 

42 7 

688 

608 

70 0 


50 3 

36 5 

624 


8 

16 

22 

37 0 

49 2 

40 0 

49 5 

643 

70 8 

67 0 

682 

865 

lOOO 

100 0 

100 0 

63 4 

70 4 

74 3 


* Tile specimen used was tincture digitalis prepared from German leaf The netivitj was 
OS mg per cat unit The following were omitted from the final avenges Animal 4 of the 
three hour senes Animal 1 of the four d ij series About 38 per cent of the animals with this 
preparation died a few minutes after the initial iniection, the remaining ones became 15 per 
cent tolerant (see method of calculation) It is possible that this procedure prolongs the 
curve of elimination somewhat beyond the actual limit Of the animals that did not die a 
few minutes after the initial dose, 26 per cent died from two to twelve days later, some 
showing evidence of infection, many showang no such evidence 


Table 2 — Pcicentage of Elimination-' 


Interval in Days 3 Hours 1 

45 5 66 0 

57 5 64 7 

12 8 78 9 

100 0 48 7 

250 
13 5 

Averages 54 0 55 46 


2 

3 

4 

517 

62 4 

100 0 

42 4 

440 

974 

48 2 

79 0 

57 5 

53 9 

92 3 

999 

79 4 

508 

671 

92 9 


* The specimen used was tincture digitalis made from a commercial leaf (source not 
determined) The activity was 140 mg per cat unit The following were omitted from the 
final averages Animal 6 of the one day series Animals 4 and 7 of the two day series With 
this specimen, about 25 per cent of the animals (eight out of thirty one) died m a few 
minutes after the initial injection The cat unit was readjusted for the remaimng ammals 
of each series wherever necessary (see method of calculation) No animals with this 
specimen died after the first day from the initial dose 


original dose = 0258 mg (75 per cent cat unit per kg ) 0258 mg — 0 145 mg 
= 0113 mg, quantity in body after twenty-four hours 0113 — 0258 = 421 
per cent elimination m twenty-four hours 

The results, then, are expressed as percentage of elimination of the dose 
injected, the final figure for each interval representing the average of three to 
nine experiments It will be seen that certain experiments are omitted from the 
final results because of apparent tolerance or susceptibility out of all proportion 
to that of the remaining members of the series, in other cases, because of the 
atypical behavior of the animal On the other hand, some irregular results 
were not omitted from the final because by their inclusion the average did 
not depart to any considerable extent from the percentage of elimination of 
the majority and more consistent animals 
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dose, we assume We are still aware that the animal might conceivably 
have been tolerant also to the extent of a considerable portion of the 
initial dose and, theiefoie, may have really eliminated little oi nothing 
It does not seem probable It appears likely that the converse of this 
1 easomng applies to those cases m which the sum of the initial and final 
dose after the interval is less than the average fatal dose The fact, 
together with the assumption, therefoie, would indicate that tolerance 
to the digitalis bodies is in part, at least, measured by the capacity foi 
elimination They confiim the observation of Hatcher^'’ that diffeient 
species of animals — the cat, the dog and the rabbit — are tolerant to 
digitoxin 111 proportion to their capacity to eliminate it However, one 
is led to suspect that this is not always true from the occasional occur- 
lence of a rathei severe reaction from the initial dose m an animal 
which after the interval showed greater elimination than the othei 
members of the series that were less effected by the initial injection 

PERSISTENCE OF ACTION VERSUS ELIMINATION 

The teims “elimination” and “persistence of action” have been used 
interchangeably The results have been expiessed as peicentage of 
elimination of the dose injected Lest the word “elimination” obscure 
the true nature of the detei mination, let us again state that the results 
expiess elimination of activity and not of the drug Although ouabain 
and digitoxin apparently produce similai effects, those of the formei 
disappear rapidly while those of the latter disappear slowly Hatcher 
suggested that this shows a difference in capacity for eliminating the 
two drugs Eggleston,^® on the basis of a clinical investigation, 
expressed a similar opinion for the same reason, deducing further that 
the persistence of digitalis expresses, not the “lasting effects of any 
injury to the heart,” but the “actual presence of the drug in the tissues ” 
This conception led the latter to the view, expressed also by an earlier 
investigator,^* that the phenomenon of so-called cumulation represents 
simple storage of small fractions of pievious doses fixed in the tissues 

These deductions make inevitable the conclusion that the curve of 
elimination of the diug and of its persistence of action should coincide 
The diagrams show, with digitoxin, also rather consistently with tinc- 
tures of digitalis, a tendency to greater elimination after one day than 
after two or three days That an animal could eliminate more drug in 
the first day than in the first two oi three days is quite inconceivable, of 
course That the drug might diffuse rapidly into the tissues, to be 
subsequently returned to the circulation and exhibit thereby a greater 

13. Eggleston, C Clinical Observations on the Duration of Digitalis 
Action, I A M A 59 1352 (Oct 12) 1912 

14 Van der Heide, W Ueber die Kumulative Wirkung des Digitalins und 
Helleboreins, Arch f exper Path u Pharmakol 19 127, 1885 
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Though individual variations are an attribute of any biologic work, we 
were not altogether unconcerned about this question until results were 
examined more carefully in the light of fuller data Care has been 
taken to refer to these variations, in part at least, as apparent It must 
be lemembered that the calculations have been made on the basis that 
susceptibility is the same for each animal Therefore the data seem 
to indicate that individual differences are solely those of elimination 
The cat unit of the animal in which elimination is being determined is, 
of course, an unknown factor That the cat unit of individuals vary is 
certain , that the average of several experiments is generally a constant 
IS equally certain So far, then, as variations m the final results are 
dependent on susceptibility, the averages approach a constant It is 
quite probable that both factors, elimination and susceptibility, account 
for the individual differences At all events, after making allowance 
for occasional variations that disturb the results of a series, it is evident 
that the behavior of the majority and more consistent animals 

Table 6 — Effect of Staivation on Fatal Dose 





Fatal Dose on Bases of Weight 

Animal 

Weight Lost, 

starvation 

r ~ ' 

1 



Pei Cent 

Time 

Old 

New 

Mean 

1 

14 5 

0 days 

0 0941 

01100 

OlOin 

2 

17 8 

<5 days 

0 0774 

0 0941 

0 0849 

3 

35 8 

10 days 

00837 

01305 

01020 

4 

219 

10 days 

00945 

01210 

01041 


approaches rather closely the average elimination obtained for the 
various intervals 

The 1 elation of susceptibility to elimination has a bearing on this 
question Many observations have been made which show that differ- 
ence m tolerance of different species to strophanthin expi esses a degree 
of tissue immunity Considerably greater quantities of the drug are 
necessary to affect the hearts of species known to be toleiant than of 
those known to be susceptible Clark ^ says that tolerance to strophan- 
thin offers an inteiesting contrast to that of atropin, with the lattei 
drug, tissue immunity does not obtain, tolerance being determined by 
the capacity for absorption and destruction by the liver Tissue immu- 
nity does not, however, seem to be the only explanation of differences 
in susceptibility of individuals of a species After a short interval 
following the initial injection of 75 pel cent of the fatal dose, an occa- 
sional animal would take 20 per cent or more above the full theoretic 
fatal dose of ouabain That this animal is moie tolerant than the 
average, we know That it has eliminated practically all of the original 

12 E\ans, C L Toxikologische Untersuchungen an bioelektsnschen 
Stromen, Ztschr f Biol 59 397, 1912 Clark, A T Footnote 1 
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The piocedure with cligitoxiii differed somewhat fiom that with the 
other piepaiations (Table 5) We were interested mainly in the phe- 
nomenon of using toxicity with digitalis, which, there was reason to 
suspect might be due to digitoxin As it is rather difficult to establish 
the exact fatal dose of digitoxin, a toxic dose — 0 2 mg per kilogram — 



Diagram 2 — Curve of persistence of action for the specimen of digitoxin 
(Table 5) 


was injected by vein After the intervals, the injections were completed 
with ouabain solution and the results expressed as percentage of the 
fatal dose required to kill One theiefore does not know how much, if 
any, of the digitoxin was eliminated during the first day Aftei twenty- 
four houis, the animals took an average of about 70 per cent of the 
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action on the second or third day than on the first, is a possibility That 
a certain dose producing a given action might simply exhibit a greater 
effect on the second or third day than on the first seems less abstruse 
However this may be, also irrespective of the nature of digitalis action, 
whether by chemical union with heart tissue in a quantity or manner 
not discernable by ordinary extraction, or by alteration of the physical 
state of the cells without such union,^® it appears that the curves of 
effects and elimination of the drug from its seat of action do not run 
strictly parallel , it appears probable, therefore, that digitalis can produce 
an effect that persists independently to a degree, at least, of the presence 
of the drug 

This rise in toxicity did not occur with the commercial preparation 
that was practically completely eliminated in from three to four hours 



The numbers on the curves refer to the corresponding Tables 1 to 4 

Also after an interval of two days, six animals failed to show any 
evidence of persistence of action of the drug The rise in activity 
occurred with our specimen of digitoxin, which showed considerable 
persistence after the same length of time On the basis of the assump- 
tion that the capacity for eliminating the different digitalis bodies is not 
the same, we must conceive that the effect is not entirely independent of 
the presence of the drug One might say, therefore, that a dose of a 
digitalis body produces an effect that increases with the persistence of 
the drug at its seat of action , this phenomenon gives rise to the increas- 
ing intensity of effect (Charts 1 and 2) when little or none of the drug 
has been eliminated, and prolongs the curve of elimination when the 
drug begins to disappear 


15 Straub, W Footnote 6 
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method The three repeated doses produced effects that could not be 
entiiely accounted for by simple addition The apparent contradiction 
of the two results points to a potentiation of effects of repeated doses of 
digitoxm, so that while recoveiy in many animals, to a large degree, 
may occur in four days after the single dose, the effects of repeated 
doses are not so rapidly reco\ered from 

The nervous phenomena noted m this animal have not been fre- 
quently ref ei red to, although an action on the central nervous system 
by the digitalis bodies is recognized The white rat is known to exhibit 
nervous symptoms with digitoxin resembling strychnin poisoning 
Nervous symptoms were observed to some degree in animals receiving 
a single dose of digitoxin, but little attention was paid because they 
seemed much like the temporar}'^ depression associated with nausea 
With repeated injections, however, as noted above, the incoordination 
and general weakness were considerably more pronounced and seemed 
to obtain while the animal lapped milk and appeared playful Potentia- 
tion may in part explain so-called cumulation in the effect of digitoxin 
on the heart as well as on the central nervous system 

One specimen of tincture of digitalis (Table 3) showed slight per- 
sistence after two days This was confirmed by the lepeated daily 
injection into the vein of 50 per cent of a fatal dose into two animals 
One animal (C) died about four hours after the fourth dose, the 
second animal (D) died about five minutes aftei the fifth dose This 
elimination is rather striking compared with digitoxin persistence, m 
which case the tlurd dose at intervals of four days was fatal 

If an animal could recover from the effects of a smaller dose more 
rapidly than from those of a larger one of the digitalis bodies, its 
behavior would be similar to that towaid many other drugs Two 
animals received daily injections by vein of 25 per cent of the fatal 
dose of the tincture (same specimen as used in Table 3) One (E) 
died several hours after the eleventh dose , the other (F) died several 
hours after the tenth dose These results do not show that small 
repeated doses are more rapidly eliminated than larger ones given m 
the same way On the contrary, they point to the conclusion that the 
longer small doses are repeated the relatively greater persistence they 
show, confirming the possibility observed with digitoxin that repeated 
doses sensitize the heart to subsequent administration to a degree not 
observed after a single large dose 

Chart 1 represents the curves of elimination for the preparations 
of digitalis employed in this study Dooley,^" working in this labora- 

17 Dooley, M S Evidence for the Presence m Digitalis of a Principle 
that IS Eliminated Rapidly After Intravenous Injection into the Cat, J 
Pharmacol & Exper Therap 17 277, 1921 
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fatal dose of ouabain to kill If none was eliminated, our initial dose 
of 0 2 mg was only about 30 per cent of the fatal dose But since 
0 3 mg was almost fatal to two animals, it seems safe to assume that 
about 0 4 mg was the fatal dose of our specimen of digitoxm It seems 
probable, therefore, that there is at first a somewhat rapid descent of 
action, to show which we do not have the necessary data It is indicated 
m Chart 2 by the broken line This determination was not made 
because of the difficulty, as stated, of obtaining the exact fatal dose of 
digitoxm, also because our purpose was well served without it It is 
plain that a given dose of digitoxm produces a greater effect on the 
second than it does on the first day 

The curve (Chart 2) does not show complete elimination after four 
days , yet the apparently slight persistence of digitoxm action after that 
interval seemed rather striking against the accepted notion about 
this digitalis body Digitoxm has been considered one of the most 
persistent of the digitalis principles That pure digitoxm crystals are 
not easily prepared is seen from Schmiedeberg’s description,^® m which 
he states also that he was able to obtain only from 2 to 2 5 gm of the 
pure crystals from 20 kg of the leaf Although Schmiedeberg has 
shown that Nativelle’s crystalline digitahn was a mixture consisting 
mainly of digitoxm, the name of this mixture is used as a synonym for 
digitoxm While Merck’s crystalline digitoxm is considered of most 
constant activity, it is apparent that one cannot be absolutely certain that 
the product employed is pure, and therefore one cannot be certain the 
behavior of any two preparations will be exactly alike 

The apparently rapid disappeai ance of digitoxm action was tested 
by the injection of the same dose, 0 2 mg per kilogram by vein, repeated 
every four days One animal (A) died thirty minutes after the thud 
injection, having vomited after the first two, but not following the third 
dose It took altogether 0 6 mg per kilogram m a total period of eight 
da 3 '^s A second animal (S) behaved similarly after the first two doses 
Two minutes after the third injection, saliva began to drool, but there 
was no emesis It began to show peculiar nervous symptoms , the 
entire body was limp, there was maiked incoordination, the animal 
occasionally jumping with the hind legs together like a rabbit, there 
was a side to side movement of the head , it lapped milk , its expression 
seemed playful These symptoms improved on the following day, but 
depression set m , the heart became very slow and irregular , it died 
four days after the last injection 

It is difficult to reconcile the facts shown by these two experiments 
with the apparently slight persistence shown by the combined ouabain 

16 Schmiedeberg, O Untersuchungen uber die pbarmakologiscbwirksamen 
Bestandtheile der Digitalis purpurea L, Arch f exper Path u Pharmakol 
3 16, 1875 
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a cat On the following day, it showed extreme depression, and only 
8 per cent of a fatal dose of ouabain caused death These facts support 
the data given in Table 5 that the effects of a fairly large dose of digi- 
toxin that does not kill immediately may show a progressive increase 
It has already been indicated, also, that from the standpoint of elimina- 
tion these two fractions stand at opposite extremes That neither 
substance is puie appeals quite certain That they exist in the leaf in 
the form in which they are extracted is considerably less certain All 
one can say is that digitalis yields, in variable amounts, these two sub- 
stances which show to a variable degree these entirely different tenden- 
cies one develops its full action in a few minutes and shows almost no 
peisistence aftei a short time, the other is capable of showing a 
progressively increasing effect and almost complete persistence after a 
similar length of time The lesultaiit of these forces, one rising, the 
other falling, is exhibited in the more complex and variable curve of 
digitalis elimination 

Throughout the work our attention has been called to the not infre- 
quent occurrence of delayed death following large doses of the digitalis 
bodies The failure to include deaths aftei the first day in the calcula- 
tions IS not intended to imply that such deaths may not in a number of 
cases haie been due directly to the action of the diug Let us lecall 
here a few observations relating to this question The rise in intensity 
of digitoxui action has alieady been referred to, also, the occurrence 
of death as long as four days after the administration had been stopped 
(Animal B) The rise in intensity of action appeared to be moie 
maiked with repeated small injections than with a single large one 
(Animals E and F) , it resulted m death when the dose appioached, 
presumably, rather closely the fatal amount (Animals C, E, F and G) 
The last doses were frequently not followed by emesis The largest num- 
ber of delayed deaths occurred with that preparation that showed the 
closest digitoxin-like behavior (Table 1) There were no late deaths 
with the preparation that showed the least digitoxin-like action (Table 2) 

It IS of some interest to consider the pait played by the digitoxin- 
like fraction of digitalis in the cases of late death following the adminis- 
tration of large doses of the drug It is of greatei importance to 
consider the possible clinical bearing of the facts presented above It is 
undoubtedly true that, with proper usage, deaths from digitalis are 
exceedingly uncommon Considerably less common are deaths follow- 
ing digitalis administration in which definite causal relation has been 
established by the electrocardiogram The occurrence of death soon 
after the administration of the drug m a patient whose previous condi- 
tion gave no reason to suspect impending death is generally taken as 
the essential evadence when a causal relation is suspected But it is 
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tory, found evidence for the presence of a rapidly eliminated fraction 
in the tincture of digitalis from the observation that more was required 
by slow than by rapid injection to cause death Weiss and Hatcher^® 
subsequently described the isolation of this fraction In another way, 
then, the presence in the tincture of digitalis of a rapidly eliminated 
fraction is confirmed The general behavior of this fraction is also 
confirmed , individuals vary in their capacity to eliminate it , its quantity 
varies with different preparations In one preparation, 20 per cent of 
the original dose was eliminated in from three to four hours , in three 
others, as much as 40 to 50 per cent of the activity of the initial dose 
was eliminated in the same length of time 

The curves were not continued to obtain 100 per cent elimination 
While there is abundant evidence that small fractions of action or effect 
persist beyond the limits indicated, the method is not sufficiently exact 
to determine them The general principles, neveitheless, stand out ’ 
clearly As for a single preparation, after a large mtiavenous dose 
there is rapid elimination at first, a secondary rise in toxicity, followed 
by a more gradual decline of action The persistence at the end of 
twenty-four hours is no index of the behavior of the preparation over 
longer periods of time At the end of one day, the persistence of two 
pieparations may be practically the same, at the end of two days, about 
50 per cent of one of these may be eliminated, while about 85 per 
cent of the other may be eliminated Again, at the end of two days, the 
persistence of two preparations may be practically the same, while at 
the end of four days about 40 per cent of one may be eliminated and 
about 90 per cent of the other It is evident, therefore, that the curve 
of digitalis peisistence is not a simple one, that it varies with different 
tinctures, and that the ultimate persistence of action of one tincture 
may be several times longer than that of other tinctures 

The specimen of the fraction obtained after ether extraction behaved 
in a manner similar to that of the ordinary tincture (Table 5) 

The meaning of this peculiar curve of digitalis elimination and its 
variations with the different tinctures find an explanation in facts 
relating to digitoxin and the rapidly eliminated fraction A dose of the 
latter that will kill in a few minutes is generally about the fatal dose or 
slightly more The dose of digitoxin that kills in a few minutes is 
considerably larger than the fatal dose Much smaller doses will be 
fatal after the lapse of a day or after a longer time Thus, 0 8 
mg per kilogram by vein was the dose of our specimen of digitoxin that 
killed at once A dose of 0 3 mg per kilogram by vein was given to 

18 Weiss, S , and Hatcher, R A Study of a Digitalis Body Which is 
Eliminated Rapidly After Its Intravenous Injection in the Cat, T Am Pharm A 
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to maintain optimum impiovement ovei weeks and months It is 
obvious that one cannot say whethei absoiption or elimination accounts 
for the fact that one pieparation lequired two and a half tunes the dose 
of the othei in point of activity to maintain digitalization 

An uiteiesting light is thrown on the sub3ect by the extreme varia- 
tions in the leports of the persistence of vaiious digitalis phenomena 
Eggleston lepoits heait block lasting from three to six days Bas- 
ledo lepoits heait block lasting thiee and one-half weeks Kay-^ 
found that the slowing in auiiculai fibi illation peisisted fiom thiee to 
five days after administration of the diug by the high dose method 
Robinson-"’ found this slowing to last fiom foui to fifteen days, with 
an aveiage of nine days These clinical data seem stiikmgly m accord 
with evidence given in Chart 1 We are aware of the numerous factors 
that might conspire to produce these variations — the nature of the 
heart condition, the end point for obseivation, the total dosage, etc 
These facts, nevertheless, in the light of observations recorded in this 
study, make it difficult to escape the conclusion that the problem of 
digitalis persistence in man cannot be disposed of with one preparation 
That depaituies from an average, so determined, represent merely 
individual variations of susceptibility, and elimination fails to take 
cognizance of a simple but fundamental fact — in behavioi and com- 
position, different specimens of digitalis vary That this fact applies 
not only to activity and absoi ption, but also to elimination, experimental 
evidence shows and clinical observation seems to confiim We should 
state here that one does not escape the difficulty by employing a prepara- 
tion always made by the same maniifactuier Though the activity may 
be the same, different lots of the tincture being prepared fiom different 
lots of the crude drug will m all piobability vaiy m then rates of 
elimination 

The application, without evidence, of results obtained with one 
species to another is indeed a fruitful source of confusion m the study 
of digitalis Paidee^^ states "It is evident that the animal experiment 
would not give a definite answer to the question of the rate of dis- 
appearance of the diug, because of the marked variations that were 
found between different species ” But as niaiked as are the vaiiations 
between certain species, as striking seems to be the similaiity m the 
behavior, m some lespects, of the cat to man toward some of the digi- 

23 Bastedo, W A The Signs of Overdosage in Digitalis Administration, 
Am Practitioner 46 609, 1912 

24 Kay, W E The Rapid Administration of Digitalis in Cardiac Decom- 
pensation, California State J M 17 329, 1919 

25 Robinson, G C The Rapidity and Persistence of the Action of Digitalis 
on Hearts Showing Auricular Fibrillation, Am J M Sc 159 121, 1920 
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not rare to find cases with this clinical history (two such have recentl> 
been seen by the wnter) After more or less continuous administration 
of digitalis for months or years with occasional emesis from overdigi- 
talization, there are suddenly toxic signs in the form of disordered 
rhythm — frequent extrasystoles, coupling, etc — whereupon the drug is 
discontinued There is no vomiting at this time The general condition 
may or may not seem worse The patient dies suddenly, days after the 
last dose of the drug In view of the fact that sudden death may 
occur in patients suflfenng from chronic cardiac disease, attributed 
generally to embolism or coronary thrombosis — in some cases observed 
postmortem, in other cases surmised — one can say nothing positively 
about the role played by digitalis The facts stated above, however, 
suggest a possibility that deserve'^ more careful investigation 

THE CLINICAL PROBLEM 

The need for standards in digitalis therapy has been felt particularly 
by those clinicians who have had large numbers of patients with cardiac 
disease under their care A long stride was made the advent of the 
cat unit determination of activity and the application of this unit to 
digitalis dosage in man Expressed in terms of activity, much con- 
fusion in digitalis dosage has been reduced to relative order While 
it IS commonly recognized that activity and not quantity is the rational 
basis foi administration, it seems less commonly appreciated that in 
point of standardizing the drug, activity is only one third of the problem 
Preparations of high degree of activity when tested by intravenous 
injection but practically inert by mouth in man,““ due presumably to 
failure of absorption or too rapid elimination, are reported 

Pardee investigated the subject in man with one specimen, deter- 
mining elimination as has been done experimentally, in terms of per- 
sistence of action, arriving at the conclusion that the average daily 
elimination of digitalis in man is 22 minims of the tincture The 
actnity of his preparation he reports, was 1 25 c c of the tincture to 
the cat unit Expressed in terms of a preparation with a cat unit of 
0 75 c c , the average daily elimination should be about 13 minims of the 
tincture I have observed about seventy-five patients suffering with 
chronic cardiac disease and heart failure, requiring on the average about 
30 minims a day of a preparation with the latter activity m order 

19 Eggleston, C Digitalis Dosage, Arch Int Med 16 1 (July) 1915 

20 Wedd, A M Observations on the Clinical Pharmacology of Digitalis, 
Bull Johns Hopkins Hosp 30 131 (May) 1919 

21 Eggleston, C , and Wyckoff, J The Absorption of Digitalis in Man, 
Arch Int Med 30 137 (Aug ) 1922 

22 Pardee, H E B Notes on Digitalis Medication, J A M A 73 1822 
(Dec 13) 1919 
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11 The 1 elation of delayed death following digitalis to the digitoxin- 
like fi action is discussed 

12 In a stai ving animal, 0 1 mg of ouabain pei kilogram is the 
fatal dose if the calculation is made on the basis of the average of the 
original and the new weights 

B Clinical — 1 Evidence is given to show that to determine elim- 
ination of digitalis in man seveial specimens must be employed 

2 Clinical reports of digitalis persistence are stnkingly m accoid 
with experimental results and seem to indicate that, in man, tinctuies 
of digitalis obtained from difteient souices aie eliminated at different 
rates 

3 The clinical significance of late digitalis death is set foith The 
possibility of its occuirence days after the cessation of administration 
of the diug IS suggested 

4 Evidence is cited to show that the cat behaves m many respects 
similarly to man toward some of the digitalis bodies The importance 
of an index of elimination in the standardization of the digitalis bodies 
for the more precise contiol of digitalis action is indicated 

414 East 26th Street 
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tails bodies In the cat, strophanthin is comparatively more rapidly 
eliminated than digitalis In man, a similar relation between strophan- 
thin and digitalis is reported Cohn and Levy found, in man, that the 
effects of the foimer rarely last more than five days, while the effects 
of the latter generally persist more than ten days Again, Hatcher 
showed that the chloroform-soluble fraction of digitalis was I'eadily 
absorbed from the gastro-intestinal tract of the cat Eggleston and 
Wyckoff observed a similar behavior toward this fraction in man 
The clinical bearing of the differences found experimentally in the rate 
of elimination of the diffeient digitalis preparations requires further 
study The electrocardiogram may help to solve the problem Should 
a relation be established, the problem of digitalization and its main- 
tenance with a minimum of toxic reactions may be brought one step 
further within control 

SUMMARY 

A Expeumental — 1 A brief review of the literature relating to 
the fate of the digitalis bodies in the animal organism is given 

2 The results of a study of digitalis elimination in the cat are 
reported in terms of persistence of action 

3 The rate of elimination of digitalis varies with diffeient speci- 
mens, the peisistence of one may be several times that of another 

4 Tolerance to the digitalis bodies piobably depends on two factors 
(1) tissue immunity and (2) capacity for elimination 

5 The digitalis bodies can produce an effect that persists indepen- 
dently to a degree of the presence of the drug 

6 Digitoxm produces an effect that for a short time increases in 
intensity 

7 The rapidly eliminated fraction does not exhibit this rising effect 

8 The curve of digitalis elimination is complex and vaiiable, 
depending on the resultant of action of the rapidly eliminated and the 
digitoxin-like fractions 

9 The persistence of digitoxin as tested by the method of repeated 
dosage is considerably longer than that of the ordinary tincture of 
digitalis 

10 Repeated doses of digitoxm or digitalis appear to sensitize to 
subsequent action of the drug The suggestion is offered that potentia- 
tion may, in part, account for so-called cumulation 

26 Levine, S A The Action of Strophanthin on the Livinv Cat’s Heart 
J Exper M 29 485, 1919 Also Footnote 9 

27 Cohn, A E , and Levy, EL A Comparison of the Action in Patients 
of G- Strophanthin and Digitalis, Proc Soc Exper Biol & Med 17 81 1920 

28 Hatcher, R A Some Observations on the Pharmacolovv of a Divitalis 

Body, J A M A 75 460, (Aug 14) 1920 ^ 
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EFFECT OF INSULIN IN A CASE OF INCIPIENT DIABETIC 

co:ma with recovery 

The eftect of insulin on the clinical course of one case studied was 
so sti iking that it is woithy of note 

A girl, aged 12, with a history' of acute diabetes of three months’ duration 
was admitted at 1 a m Dec 2 1922, into the service of Dr H A Lafleur, 
practically m coma The urine markedly reduced Benedict’s solution and gave 
a strong Ferric chlorid reaction for diacetic acid The blood sugar was 
enormously increased (0 785 per cent ) The plasma carbon dioxid combining 
power vas 191 per cent by volume Sixteen units of insulin were immediately 
administered, and the blood sugar, plasma carbon dioxid, urine sugai and acetone 


Table 1 — Coui^c of Auihot's Case, Case 6109 




Blood Plasma Caibon 



Sugai Dio\ul pel Cent 

Dnte 

'1 ime 

Pci cent igc 

by I oluiiie 

Rem irks 

12 / 2/22 

1 a ni 

0 7S1 

19 

Incipient coma 



16 units insulin 




3 a in 

0 jfil 

24 

Dioivsincss less marked 


7 n 111 

0 310 

2S 

Dioivsmess less marked 



10 units insulin 




11 a 111 

0 272 

32 



7 p n\ 

S units insulin 



12 / 3'2’ 

9 1 111 

0 434 

34 

10 units 11 a m and 6 pm 

12 / 4/22 

9 1 111 

0 294 

40 

8 units 9am 

12/ 5/22 

9 1 111 

0 220 

J9 

8 units 7, 11, 4, meals 9, 1, C (ISood 





yatt basal) 

12/ G/22 

9 a 111 

0 1S5 

72 

8 units 7, 11, 4 meals 9, 1, 0 (Vood 





jatt basal) 

12 / 7/22 

9 a 111 

0 143 

74 

8 units 7, 11 , 4, meals 9, 1 , 0 (IVood 





yatt basal) 

12/ S/22 

9 1 111 

0 O'J'. 


S units, 7, 11, 4, meals 9, 1 , 0 (Vood 





jatt basal) 

12/ 9/22 

9 a 111 

0 226 


No insulin given 

12 / 10/22 

9 a 111 

0 147 



12 / 11/22 

9 1 111 

0 l(i9 



12 / 12/22 

9 1 111 

C ISO 


I iken ivk hours after bieal f ist 

12/13/22 

9 a in 

0 132 



12/14/22 

9 1 111 

0 100 



12/17/22 

9 1 in 

0 NO 



12/ 19 '22 

9 a 111 

0120 



12 / 22/22 

9 l 111 

0 121 



12/23/22 

9 1 in 

0119 


Discharged 


bodies studied periodically as shown in Table 1 At 7 a m , six houis after 
the beginning of the treatment, during which two doses of insulin were admin- 
istered, the drowsiness had practically disappeared No food nor fluids of 
any kind, except water, were given during the next two days The clinical 
picture was that of gradual improvement, and corresponding with this, improve- 
ment was shown by the laboratory data On Dec 5, 1922, there was only a trac® 
of acetonuria, and the child appeared to be out of any immediate danger of coma 
There was still some glycosuria A basal Woodyatt diet was then given, and 
small doses (8 units) of insulin administrated three times a day, two hours 
before each meal On Dec 7, 1922, the blood sugar was normal, the plasma 
carbon dioxid was normal, and the urine was free from sugar and acetone 
bodies The insulin was then discontinued Observations made daily during 
the following week on the blood and urine showed normal values, except for 
a slight degree of hypergljcemia, which eventually disappeared The child 
was discharged from the hospital on Dec 22, 1922 Since then five weeks ago. 



OBSERVATIONS ON THE EFFECTS OF INSULIN 
IN THE TREATMENT OF DIABETES 
MELLITUS ' 

I M RABINOWITCH, MD 

MONTREAL, CANADA 

My object is to present the data obtained in a number of cases of 
diabetes mellitns following the administration of insulin (These 
observations were made possible through the generosity of the diabetic 
committee of the University of Toronto who supplied this hospital with 
approximately 400 units of the extract weekly ) The first experience 
we had was with a patient with severe diabetes, and it was soon found 
that the weekly supply of insulin would be sufficient to treat intensively 
only about one case a week For this reason the greater part of the 
insulin was applied to the study of various problems concerning the 
diabetic patient, and in only emergency cases was there any serious 
attempt made at treatment A number of patients with severe diabetes 
previously discharged were, therefore, readmitted for observation 

1 record the following observations 

1 Effect of insulin on a case of incipient diabetic coma with recovery 

2 Blood sugar time curves showing effect of insulin on the rate of fall of 
the sugar content of the blood 

(a) Two hour curves 

(b) One hour curves 

(c) Fifteen minute curves 

3 Effect of insulin on the blood sugar and acetone bodies, plasma carbon 
dioxid combining power, urinary excretion of sugar and ammonia, noted at 
short intervals 

4 Effect of insulin on the respiratory quotient 

(а) Average curve made from the respiratory quotients of twenty-four 
diabetic patients plotted with respect to glucose tolerance 

(б) Curve of the daily respiratory quotients of a patient with severe 
diabetes treated with insulin 

(c) Comparison of (o) with (b) 

(d) Respiratory quotient time curve following ingestion of glucose in 
a diabetic patient 

(c) Blood sugar time curve following ingestion of glucose in a diabetic 
patient 

(/) Effect of insulin on (d) and (c) in the same person 

5 Course of a patient on a diabetic diet, with and without insulin, in all 
the work the technical methods emnloyed were 

Blood Sugar — Lewis-Benedict method 

Acetone bodies — ^Van Slyke method 
Plasma carbon dioxid — ^Van Slyke method 

Urine Sugar, qualitative— Benedict method 

Quantitative — Benedict method for large amounts 
Benedict-Osterberg method (1921) for small amounts 

Total organic acid Van Slyke and Palmer methods 


*From the Department of Metabolism of the Montreal General Hospital 




Chart 1 — Incipient diabetic coma The continuous line is the blood sugar 
curve, per cent divided by 1,000, the broken line is the plasma carbon dioxid 
curve, per cent divided by 10 Insulin was given to the patient as follows on 
the sixth and seventh, 8 units were given at 7 and 11 a m and at 4 p m , on 
the eighth, 8 units were given at 7 a m only 
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Chart 2— Blood sugar time curves following the administration of insulin 
The blood sugar is divided by 1,000 
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she has gained 10 pounds (4 5 kg), and the urine has remained sugar free 
and acetone free The blood sugar examined weekly since has been normal 
Chart 1 shows graphically the course of the case in detail Table 1 shows 
the actual figures in detail 

EFFECT OF INSULIN ON THE RATE OF FALL OF THE 

BLOOD SUGAR 

A senes of cases were studied with reference to the effect of insulin 
on the degree and rate of fall m the blood sugar In all cases a constant 
amount of insulin was given (16 units) In Table 2 are given the 


Table 2 — Blood Sugai FoUoxvmg AdmimsU alion of Iitsiilin 


Case Bnsnl 


Number 

6163 

5831 

5157 

6197 

6109 

6163 

Units 

16 

16 

16 

16 

16 

8 

Penod 

0 239 

0 212 
0180 
0195 

0 781 
0167 

2 Hours 

0129 

0 201 
0181 
0120 

0 501 

0 052 

4 Hours 

0 084 

0163 

0136 

0126 

0 310 

0 Houi 

OOSl 
0166 
0 085 

s S Hours 

0 004 
0144 

0160 

10 Hours 

0167 

14 Honrs 

0 232 

0 200 




1 Horn 

2 Homs 

3 Hours 

1 Hours 

5 Hours 

6197 

16 

0 200 

0152 

0120 


OICO 

0126 

0129 




15 Min 

30 Min 

45 Min 

60 Min 

75 Min 

90 Min 

6131 

16 

0 235 

0 220 

0185 

0152 

0148 

0 098 

0 088 

6397 

10 

0 2.6 

0 215 

0 214 

0210 

0191 

0115 

OOS2 


Table 3 — Effect of Insuhu on Blood Sngai 


Fnll in Blood Sugar 

Blood SugTi Glucose , ' -n 


C ise 

r 

A. 



Blight, 

'lolerance, 

Mg pci 

Mg per 

Number 

1 

2 

3 

Units 

Kg 

Gm 

Kg 

Unit 

6109 

0 781 

0 561 

0 220 

10 

380 

30 

5 71 

13 7 

5831 

0 212 

0 201 

0 098 

16 

60 0 

25 

013 

05 

0397 

0 277 

0115 

0102 

10 

58 0 

10 

2 76 

101 

6451 

0 235 

0 090 

0139 

16 

50 0 

41 

2 78 

86 

6197 

0194 

0120 

0 074 

16 

72 7 

52 

101 

4 6 

5157 

0185 

0136 

0 019 

16 

59 0 

67 

0 83 

30 

6163 

0 239 

0129 

0110 

16 

41 3 

75 

218 

78 


0167 

0 052 

0115 

8 



2 59 

14 3 


detailed results, and these are represented graphicall}' in Chart 2 
Blood sugar estimations were made in foiii cases every two hours, in 
one case every hour and in two cases every fifteen minutes The 
temporary effect of insulin is shown in the two hour curves That an 
immediate effect is obtained is shown in the fifteen minute cuives An 
attempt was made to determine whether the fall in the blood sugar 
was directly related to the body weight, dose of insulin or severity of 
the disease The index of the latter was taken as the glucose tolerance 
determined by the Woodyatt method (G~C-f-01 F-|-0 58 P) In 
Table 3, it will be noted that no correlation could be found in the cases 
studied This at the time of the observations was attributed to the 
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giaphiCcilly represented in Chart 3 The most lapid changes noted 
were in the fall of urinary excretion of sugai and titratable acid plus 
ammonia The graphic chait suggests an increase of the latter during 
the second hour If, however, the total of the foui fifteen minute 
periods aie added together, it will be noted that the excretion was much 
less during the second than duimg the first hour The use in the carbon 
dioxid combining powei of the blood was not inversely in proportion to 
the fall m the excretion of titratable acid plus ammonia, nor to the fall 
of the concentration of acetone bodies in the blood The body was thus 
apparently able to oxidize the acetone bodies much moie rapidly than 
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Chart 3 — Effect of insulin on blood sugar, blood acetone bodies, plasma 
carbon dioxid, urine sugar, urine acetone bodies and respiratory quotient 

it could mobilize alkali When all other factors are considered which 
may effect a rise in the lespiiatory quotient during so short peiiod 
deteimmations by indirect coloiimetry, it is difficult to interpret the 
respiratory quotient curve obtained m this case Since this diabetic 
patient had a severe acidosis, the rise in the respiratory quotient may 
be partly attributed to the oxidation of the acetone bodies 

RESPIRAIORY QUOIIENIS 

Some obsei vations wei e then made on the respiratory quotients since 
the latter offeis the best index to the leplacement of fat and protein 
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possible variation in the potency of the individual preparations used 
This was strongly suggested in the last case, No 6163, in which 8 
units produced practically the same fall that 16 units produced in the 
same person one week previously The latter result was, however, 
attributed by Dr Banting^ to the fact noted by him, that the effect 
of insulin may vary in the same person at different stages in the treat- 
ment In one patient (J Low) admitted in the last stages of diabetic 
coma, no change was noted in the blood sugar following the adminis- 
tration of 50 units of known potent preparation This case was, 
however, complicated by surgical lesions of both kidneys associated 
with complete anuria The blood urea nitrogen was 112 mg per 100 
c c , creatinin 10 2 mg and phosphorus 29 4 mg per 100 c c of blood 
This may partly explain the enormous degree of hyperglycemia — 1,000 
per cent Blood sugar estimations made every ten minutes for one 
hour showed practically no fall The patient died one and one-half 
hours after admission to the hospital 

EFFECT OF INSULIN ON THE BLOOD SUGAR AND ACETONE 
BODIES, PLASMA CARBON DIOXID COMBINING POWER, 
URINARY EXCRETION OF AMMONIA AND SUGAR 
AND THE RESPIRATORY QUOTIENT 

Since a definite fall in the blood sugar was noted every fifteen 
minutes, observations were then made on a severe diabetic patient 
(Woodyatt Gc=40) at short intervals on the effect of insulin on the 


Table 4 — Effect of Insulm on a PaUent imth Scveie Diabetes, Case 6397 




Titrable 


Blood 

Plasma Car 

Blood 



Eespin- 

Acid Plus 

Urine 

Sugar 

bon Dioxid, Acetone 



tory 

Ammonia 

Sugar, 

Per 

Percentage 

Mg per 


Time 

Quotient 

C c N/IO 

Gm 

centnge 

by Volume 

ICOOc 

RemarLs 

9 SO 

0 724 



0 277 

39 3 

104 2 

16 units insulm 

9 45 

0 750 

41 

0 596 

0 24S 

396 

867 


10 00 

0 764 

36 

0 640 

0217 

40 2 

72 6 


10 15 

0 782 

SO 

0,482 

0 212 

40 8 

74 3 


10 so 

0 786 

S8 

0 276 

0192 

42 4 

56 4 


11 SO 

0 79S 

54 

0107 

0115 

42 2 

4S8 


12 so 

0 804 

S7 

0177 

OOSO 

44 4 

39 3 



blood sugar and acetone bodies and plasma carbon dioxid combining 
power, urinary excretion of sugar and ammonia and the respiratory 
quotient (The technic of determining the latter, and the precautions 
taken in the interpretation will be desenbed under the section on the 
respirator}’- quotient ) The effect of the insulin m this case was almost 
immediate In Table 4 are shown the detailed results, and these are 


1 Personal communication 
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if the cases aie grouped with respect to then tolerance, for example, 
G = 50 — 75, 75 — 100, 100 — 125, etc, the tolerance for the gioup 
IS greatei, and a gi eater aveiage lespiiatory quotient is obtained, that 
IS, it IS reasonable to assume the less seveie the diabetes, the moie the 
patient is able to store glycogen in the body and thus show a greater 
lespiratoiy quotient m the postabsorptive state — fifteen houis after 


Tabic 5 — 4vciaqc Rcsptiatoiy Quotient Obtained in Noinial Pcisoni 


ISonniil i{csriir<i 
Quotients 

torj 

Coinpaiison of tbc 'J'olerance of Glucose With 
tlie Respiratory Quotient In Diabetic Persons 


r 

Bnsal 



Glucose 


Onse 

Metabolic 

Rcspiratoiy 

Case 

'Tolerance 

Respiratory 

Nnmbci 

Rato 

Quotient 

Number 

(Woodyatt) 

Quotient 

f427 

4 

0 810 

1739 

50 

0 714 

(im 

0 

0 814 

2602 

58 

0 792 

0313 

() 

0 830 

4140 

62 

0 732 

0100 

2 

0 800 

955 

63 

0 714 

0280 

1 

0 798 

818 

60 

0 719 

5058 

7 

0 817 

543 

72 

0 708 0 738 

5741 

0 

0 842 

5135 

77 

0 730 

5058 

7 

0 810 

1157 

82 

0 761 

0210 

3 

0 820 

30 

81 

0 729 

0008 

2 

0 836 

844 

85 

0 742 

0148 

2 

0 767 

352 

06 

0 782 

6100 

2 

0 827 

704 

98 

0 803 0 758 

0101 

11 

0 901 

1103 

104 

0 790 

5751 

5 

0831 

352 

111 

0 794 

(ifl03 

0 

0 906 

1700 

110 

0 732 

5057 

3 

0 811 

910 

129 

0 787 

4009 

0 

0 795 

1151 

132 , 

0 823 

5021 

5 

0 831 

5601 

147 

0 740 0 779 

5702 

3 

0 759 

2423 

109 

0 761 

5100 

5 

0 792 

5642 

210 

0 820 




2363 

219 

0 790 



— 

2068 

235 

0 838 




5961 

210 

0K)1 

Avonigc 


0 8U 

• 

0055 

242 

0 814 0 807 


Tabic 6 — Result’! of Admvnsti ation of Insulin in Case 6163 



Respaatory Quotient 

Rcmaiks 

Basal 

0 752 

No insulin 

December 8 

0 702 

8 units 7am, test, 

9 

0 748 

No Insulin 

10 

0 734 

No insulin 

11 

0 778 

8 units, 7 a m 

12 

0 709 

8 units, 7 a m 

13 

0 784 

8 units, 7am 

15 

0 701 

8 units, 7 a m 

10 

0 779 

1 units before meals 

17 

0 792 

4 units bcfoic meals 

18 

0 798 

4 units before meals 

20 

0 787 

1 units 7 a in only 

21 

0 795 

8 units 7am only 


the evening meal If this assumption is even appioximately coriect, 
a patient who can take more food while undei the effects of insulin 
and can stoie pait of it should show a gieatei quotient in the post- 
absoiptive state if storage has actually occurred The results obtained 
in the one case lepoited heie suggests that theie has been a stoiage of 
caibohydiates In Table 6 will be seen the detailed results The 
patient was kept undei the influence of insulin foi a period of two 
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metabolism by glucose In a diabetic patient the interpretation of 
results obtained are complicated by the fact that the acetone bodies 
give approximately the same respiratory quotient as carbohydrate, fat 
and protein Thus 


Substance 
Carbohydrate 
Diacetic acid 
Protein 

B-oxy-butyric acid 
Fat 

Acetone 


Respuatoiy Quotient 
1 
1 

0 81 
0 89 
0 71 
0 75 


In order to avoid this complication in the interpretation of results 
for these studies, the only diabetic patients observed were those whose 
urine was acetone free and plasma carbon dioxid normal All deter- 
minations were made with the Tissot apparatus and half-face Siebe- 
Gorman mask Gas analyses were made with the Haldane apparatus 
In spite of the many disturbing factors which might influence the 
respiratory quotient by the method used, such as short period observa- 
tions, abnormal breathing (mask), rapid washing out of carbon dioxid 
due to temporary increased pulmonary ventilation at the moment the 
venous punctures were made, etc , the results obtained are significant 
qualitatively of the effect of insulin on storage and utilization of sugar 
It IS generally accepted that a diabetic patient has no difficulty in obtain- 
ing sugar from the usual precursors, it is from the disproportion 
between formation, utilization and storage that the hyperglycemia 
results The results obtained with insulin show that stroage plays a 
great part in the control of the hyperglycemia during the treatment 
with insulin 

The routine in the determination of all the respiratory quotients 
recorded here, with the exception of the time curves obtained following 
the ingestion of glucose, were made under the accepted standard condi- 
tions — in the postabsorptive state fifteen hours after the evening meal 
and after one-half hour of complete muscular rest 

In Table 5 is shown the average respiratory quotient obtained in 
twenty normal persons During the last 3 ^ear some data were obtained 
concerning the relation between the glucose tolerance of the patient 
determined by the Woodyatt method (G = C01F-f-0 58P) and the 
respiratory quotient obtained fifteen hours after the evening meal 
The results are recorded in the same table It will be noted that 
although in isolated instances a patient may show a greater respiratory 
quotient than another whose toleiance is greater (Cases 818 and 543), 
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metabolism , that is, they w ere not of the nonprotem type This is 
rather unfortunate But the difficulty of obtaining a specimen of 
urine at the end of such small periods made the obtaining of non- 
protem figures impossible For practical purposes, however, this does 
not vitiate the lesults obtained, since quahtatue values only weie 
sought, a rise in the quotient indicating carbohydrate oxidation, etc 
The subject of one experiment had a mild diabetes During the 
postabsorptive state and undei standard conditions for basal metabolism 
studies, the lespiratoiy quotient and blood sugar were determined The 



Chart 5 — Effect of insulin on blood sugar and respiratory quotient follow- 
ing ingestion of glucose in a “sugar free” diabetic patient A indicates no 
insulin , B, 16 units of insulin one-half hour before ingestion of glucose , the 
blood sugar was divided by 1,000, respiratory quotient, 1,000 

subject was then given approximately 1 75 gm of glucose per kilogram 
dissolved m 250 c c of water flavored with lemon The face mask was 
then immediately adjusted, and the blood sugar and respiratory quotient 
estimations were made at the intervals stated in Table 7, which gives the 
detailed results The time recorded represents the end of each experi- 
ment, the gas collection in the gasometer commencing ten minutes pre- 
viously In Chart 5 the results are recorded graphically Curves A 
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weeks His original tolerance before administration of insulin was 
75 gin glucose (Woodyatt) While under the influence of insulin the 
diet could be increased to a glucose tolerance of between 125 and 150 
The respiratory quotient was determined daily The results noted are 
graphically shown m Chart 4 Curve A represents that of the average 
respiratory quotient of the different groups of ca^es with respect to 
their tolerance of glucose, G = 50 — 75, 75 — 100, etc, shown in 
Table 5 The dotted curve is that of the patient’s dailv respirator} 
quotient It will be noted that at the end of two weeks the patient had 
acquired a lespiiatory quotient corresponding to that of a peison 
whose tolerance would be approximately 175 
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Chart 4 — Effects of tolerance for glucose and insulin on the respirator}' 
quotient A is the average curve, B, Case 6163 The respiratory quotient is 
divided by 1,000 On December 8, 8 units of insulin were given at 7 a m , on 
the eleventh, twelfth, thirteenth, fourteenth and fifteenth, 8 units of insulin 
were given at 7 a m , on the sixteenth, seventeenth, eighteenth, ninteenth and 
twentieth, 4 units were given three times a day, and on the tw'enty-first, 8 
units w'ere given three times a day 


That storage is a definite phenomenon observed under the influence 
of insulin IS further demonstrated when the sugar tolerance and 
respiratory quotient time curves are corelated m the same person 
following the ingestion of glucose 

In the foregoing analyses all the respiratory quotient figures rep- 
resent nonprotein values In the following analyses m which sugar 
time curves were simultaneously obtained, the respiratory quotients 
were obtained directly without taking into consideration the piotein 
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hydrates into fats, unaccompanied by actual combustion of carbo- 
hydrate It was thought that the rise might be due to some of the 
factors mentioned befoie, for example, distmbance of the patient due 
to venous puncture, etc It will be noted, however, that piactically a 
coi responding rise (Cuive B) was obtained in the same peison at a 
later date when no venous punctures were made In Chart 6 are 
recorded graphically the two curves — Curve A obtained during venous 
puncture and Curve B under more ideal conditions, that is, the glucose 
only was given and the lespiratoiy quotient obtained at the stated intei- 
vals It seems possible that a patient with severe diabetes will bum 
rather than stoie the little corbohydrate he is capable of tolerating 
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Chart 6 — Effect of insulin on blood sugar and respiratory quotient follow- 
ing ingestion of glucose in a “sugar free” diabetic patient Curve A was taken 
during the blood sugar time curve determination , B was taken seven days later 
the blood sugar was divided by 1,000, the respiratory quotient by 1,000 

Further studies of the effect of small doses of glucose on the respiiatory 
quotient in the diabetic patients are now being undertaken in this 
hospital 

EFFECT OF DIET ON A PATIENT WITH SEVERE DIABETES 
WITH AND WITHOUT INSULIN 

Chart 7 demonstiates definitely the possible sources of danger when 
diet and insulin aie combined in the tieatment, and impresses one with 
the important fact that insulin treatment has not yet reached the stage 
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represent a test during which no insulin was given Curves B repre- 
sent the results obtained in the same person a few days later, but one 
hour before the test 16 units of insulin were administered Although 
the same dose of glucose was given m the second test, the blood sugar 
curve did not differ from that usually obtained in normal persons In 
spite of this, there was no great change noted in the respiratory quotient 
curve Storage is thus suggested There is, however, a possibility of 
delayed absorption of the glucose from the alimentary tract The fact 
that a rise in the quotient was obtained without insulin and that during 


Table 7 — Results of AdmmtstiaUon of Insulin m a Patient zvith 
Mild Diabetes Case 6497 


Dec 8, 1922— No Insulin Given 

' 

Basal 

15 Min 

30 Min 

CO Min 

120 Mm 

150 Min 

180 Min 

Respintory quotient 

0 791 

0 799 

0 851 

0 8G3 

0 869 

0 852 

0 870 

Percent ige of blood sugar 

0121 

0172 

019(> 

0260 

0 260 

0 247 

0 240 

Urine sugar 

0 

0 

Trace 

-f 

-f 

+ 

Trace 

Dec 15 1922- 

-Sixteen Units 

of Insulin Given 

A 

One Hour Before Test 



Basal 

15 Min 

30 Min 

60 Min 

120 Min 

150 Min 

ISO Min 

Respiratory quotient 

0 781 

0779 

0 794 

0 875 

0 882 

0 847 

0 840 

Percent ige of blood sugar 

0 071 

0 080 

0098 

0136 

0130 

0119 

0114 

Unne sugar 

0 

0 

0 

0 

0 

0 

0 


Table 8 

— Results of Admimsii ation of Insulin 
Seveic Diabetes, Case 6163 

in a 

Patient zvith 



Dec 

6, 1922- 

—Sixteen Units Given at 

a 

End of 90 Minutes 



/ 



10 

30 

60 

90 

lOO 

130 

160 

190 



Basal 

Mm 

Mm 

Mm 

Mm 

Mm 

Min 

Mm 

Mm 

Percentage of 

blood 










sugar 


0164 

0180 

0232 

0 226 

0194 

0191 

0145 

0120 

0 098 

Urine sugar, gm 



0 042 

0 071 

0121 

0 052 

0 049 

0 060 

0 074 


Respiratory quotient 

0 750 

0 764 

0 820 

0 841 

0 849 

0 840 

0 831 

0 839 

0 835 


Dec 13, 1922- 

—Sixteen 

Units 

Gixen at 

End of 

90 Minutes 






10 

30 

60 

90 

lOO 

130 

160 

190 



Basal 

Mm 

Mm 

Mm 

Mm 

Min 

Mm 

Mm 

Mm 



0 742 

0 735 

0 735 

0 809 

0 832 

0 849 

0 813 

0 810 

0 820 


this rise the hyperglycemia persisted in the fiist test, suggests defective 
storage in the absence of insulin 

In Table 8 are recorded the results of the same experiment obtained 
in a patient with much more severe diabetes In this case much less 
glucose was given, 25 gm , or 0 5 gm per kilogram A definite nse 
in the quotient was noted In the fasting normal persons, judging from 
the literatuie on the subject, no nse occurs in the metabolism following 
ingestion of such small amounts of glucose on account of the retention 
of the latter in the organism in the form of glycogen Even the rise 
occasionally noted has been attributed to the conversion of the carbo- 
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the general condition of the patient and laboratoiy findings were just 
as inaiked Thus the ability to utilize cai bohydi ates in this case was 
not due to an impioved panel eatic function, but directly to the effect of 
the insulin 

DISCUSSION OF TREATMENT 

The expel lence we have had demonstrates that the reaction of a 
series of patients with diabetes to insulin is not uniform Injection of 
the extiact isolated by the Toionto gioup of woikeis lowers the 
sugar content of the blood It does so in such a manner as to enable 
the diabetic patient to metabolize more sugar Thus it aids the com- 
plete oxidation of fat, pi eventing the formation of acetone bodies, oi 
making them disappear when piesent The effect, howevei, is tem- 
poiaiy Its chief value, m the piesent status of oui knowledge of its 
action, seems to he m tiding ovei the diabetic during the ciitical stage 
of the disease (precoma), so difficult to contiol with the usual pro- 
cedures, fasting, mtia\enous injections of salines, etc In patients 
with seveie diabetes, emaciated, and m whom protein plays a great 
part m the foimation of energy, and who progress best when conti oiled 
by a diet on the Woodyatt basis, with the administration of msuhn the 
diet may be increased to the point wheie the patient gams weight and 
geneially shows clinical impiovement Diet still lemams the impor- 
tant means of controlling the disease The ultimate type of tieatment to 
follow, whether diet alone or diet plus msuhn, seems to depend on 
whether the pancreatic function is completely destroyed as m pan- 
creatic diabetes, or whether the little lemnant is only tempoiarily over- 
sti allied, but can lecovei with lest A case of the latter type seems to 
be the fiist one lecorded here The fact that the child has lecoveied 
undei the effects of msuhn, but does not now require the extiact, diet 
alone sufficing, seems to piove that the panci eatic function was not 
completley destroyed but tempoiarily oveistiamed The possibility of 
the development of “carbohydrate shock” associated with an hypo- 
glycemia was emphasized by the Toronto workers It has been 
suggested, where large doses of msuhn aie required, to give just suf- 
ficient of the latter to allow a constant slight trace of glycosuria This, 
however, appeals to be contrary to treatment that might lead to an 
impioved jiancreatic function If traces of sugar are constantly present 
m the urine, it seems reasonable to assume that the full effect of the 
msuhn given is made use of, but m spite of this the panci eatic function 
IS also called on and stiamed Allen has demonstiated that recupera- 
tion of panel eatic function can be negatived by ovei feeding Lack of 
thoroughness m relieving the food load is the chief factor m the 
detei 101 ation of the little function left The vaiious responses obtained 
f 10111 msuhn emphasize the statement of Sii John Rose Biadfoid that 
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where it can be applied in outside practice without bein^ controlled 
carefully by laboratory analyses The curve represents the course in 
a patient with severe diabetes (G, 45) who was discbaiged from the 
hospital in October, 1922 The urine was then sugar and acetone free 
The blood showed only a slight hyperglycemia The patient could be 
kept sugar free while on a Woodyatt diet, but was m a nutritional 
state much below normal He was readmitted Dec 10, 1922, to note 
the effect of insulin Until December 16, the diet was the same as that 
which he was allowed on discharge It will be noted that the total 
quantity of sugar excreted during the twenty-four hours was piac- 
tically normal, about 1 gm , and only a slight hyperglycemia was present. 
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Chart 7 — Diet with and without insulin The blood sugar was divided by 
1,000, the urine sugar by 10, the total organic acids by 10 

appioximately 0 150 per cent Ten units of insulin were given three 
times a day, one hour before each meal, on December 16, and the diet 
was increased to G=75 No great change was noted, either m the 
hyperglycemia or m the excretion of sugar On December 23, the diet 
was further increased to G = 100 The same dose of insulin was con- 
tinued There followed an increase in » the degree of hyperglycemia 
and a small increase in the excietion of sugar in the urine On 
December 29, the supply of the extract was exhausted The results 
which followed were striking A marked hyperglycemia and glycosuria 
developed, and the excretion of organic acids increased On Jan 2, 
1923, insulin treatment was again instituted, and the improvement in 
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THE IMPORTANCE OF OUR KNOWLEDGE OF 
THYROID PHYSIOLOGY IN THE CONTROL 
OF THYROID DISEASES =>* 

DAVID MARINE, MA, MD 

NEW YORK 

Physiology of the Thyroid 

When we lealize that our definite knowledge of the function of the 
thyroid gland dates from 1874, when Sir William Gull published his 
clinical pathological study, “On a Cietinoid State Supeivemng m 
Adult Life in Women,” all will agree that much progress has been 
made duiing the nearly fifty yeais that we have followed its publica- 
tion While today we can boast that we aie able to repioduce expeii- 
nientally, to diagnose, and to treat myxedema successfully, and that we 
can with ceitainty pi event endemic goiter and endemic cretinism, it 
must still be admitted that our knowledge of the idle of the thyioid 
gland in human physiology and pathology is yet m its infancy Our 
lack of knowledge concerning the thyroid applies particularly to its 
influence on othei glands of internal secretion and their influence on it 
We piobably possess a more detailed knowledge of the anatomy, 
physiology, chemistry and pathology of the thyroid than of any other 
gland, and I shall attempt to review as briefly as possible some of the 
more important facts of thyroid physiology and their application to the 
problem of the contiol of thyroid disease 

The major function of the thyioid, as we now know it, is to provide 
a means through its lodin-contaming hoimone for maintaining a higher 
rate of metabolism than would othei wise exist and for varying this 
rate The gland is not essential for the vegetative life of adult animals 
In the young it is necessary for growth and differentiation Thyroid 
removal in animals causes a lowering of metabolism (measured as heat 
production ) as much as 40 per cent , which is comparable to the 
maximum decrease seen in the severest forms of human myxedema 
This decrease m metabolism begins usually on the sixth or seventh day 
after removal, and m cats and rabbits reaches its maximum about the 
twentieth day after lemoval, as shown in Figure 1 The reduction in 
metabolism is permanent if the thyroid is completely lemoved, but if, 

* Eighth Mellon lecture delivered before the Society for Biological Research, 
University of Pittsburgh, May 10, 1923 
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diabetes is “a clinical label attached to a number of different conditions 
with varied origins, different morbid anatomy and physiology and liable 
to different courses ” There is much more to learn of this disease 
The efforts made and results obtained by Dr Banting and his asso- 
ciates have opened a new field for study, but, most essential of all, the> 
have resulted in the possibility of prolonging life and making it more 
worth living 
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1895, causes a striking inciease in heat production Fourthly, thyroid 
removal causes a decrease in heat production These facts constitute 
sufficient evidence that the thyroid plays an important part not only m 
the maintenance of a given basal rate of metabolism but also in pro- 
viding a means, through fluctuation in its activity, for varying this 
rate Theie is some evidence also that the thyroid is an important 
factor in the increased heat production accompanying bacterial 
infections 

Magnus-Levy, m 1895, showed that in Gull’s disease heat produc- 
tion was decreased, while in exophthalmic goiter it was increased Also 
m 1895, Baumann announced that lodm was a normal constituent of the 
thyroid, and subsequent work has established the fact that the thyioid 
exerts its influence on metabolism by means of the very stable lodin 
containing hormone which Kendall in 1916 isolated in crystalline form 
and gave the name thyroxin This hormone is intimately associated 
with the globulin of the colloid, from which it is separated only by 
destructive hydrolysis, and is stored in the colloid material of the 
alveoli in variable amounts The colloid or globulin appears to act as a 
vehicle for storing the reserve of this very active hormone Measured 
as lodin, the maximum store m the normal human thyroid is around 
25 mg , or approximately 1 mg per gram of fresh gland The thyroid 
gland has an extraordinary affinity for lodm both in vitio and in vivo 
The lodiii content may be increased several bundled per cent within 
five minutes after the injection of 50 mg of potassium lodid into the 
femoral vein of a dog The administration of lodm in any form in 
any manner causes the store to be increased to the maximum This 
IS true foi the human thyroid as well Such rapidly stored lodin is at 
first inactive, but the transformation to the active form can be demon- 
strated in dogs in about twenty-four hours by means of the tadpole 
test The fact that there is no fixed ratio between the active and the 
inactive lodin probably indicates that the active lodin is slowly elaborated 
fiom the inactive lodin taken from the blood stream and either dis- 
charged into the circulation or stored in the colloid 

The functional activity of the gland is controlled chemically mainly 
thiough the blood stream but perhaps also indirectly through the 
sympathetic nervous system The functional capacity of the gland is 
not impaired by sectioning the nerves running in the adventitial coats of 
the vessels and encasing the gland in paraffin Thyioid tissue auto- 
transplanted in any pait of the body shows the same capacity for 
hypeiplasia, involution and the storage of lodin as is exhibited by the 
normal gland If bits of the thyroid are removed from the neck and 
transplanted into the ear, the abdominal wall, and the ovary, these trans- 
plants show morphologic and chemical changes similar to those occur- 
ring in the nontransplanted tissue Thus, if the nontiansplanted 
thyroid tissue is undergoing hyperplasia, the transplants, wherever 
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as usually happens, fragments or accessories remain, regeneration 
occurs and the metabolism rises again, in some instances, to normal 
We have observed rabbits m which the metabolism has remained 20 
and 30 per cent below normal for three years or approximately one 
half the average life of this animal 

That the thyroid gland provides the means for varying the rate of 
heat production can be shown m several ways First, it has been 
shown in animals that sufficient but sublethal injury to the suprarenal 
glands causes a marked chronic increase in heat production, provided 
the thyroid gland is intact, but thyroid removal prior to injuring the 



Fig 1 — Thyroidectomy and heat production 


suprarenal glands greatly reduces or abolishes the increase Secondly, 
m all mammals studied there is a marked rise m heat production during 
pregnancy and lactation In the rabbit, this increased heat production 
begins about the middle of pregnancy and continues through the period 
of lactation Thyroidectomy in the rabbit abolishes or greatly reduces 
this normal rise in metabolism This relation of the thyroid to the 
increased heat production of pregnancy and lactation probably has an 
important bearing on thyroid enlargements (goiters) occurnng during 
pregnancy and lactation and will be referred to again Thirdly, the 
administration of thyroid glands, as first shown by Magnus-Levy in 
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This generalization could leadily be tested experimentally by study- 
ing the effects of administering and withholding lodin after partial 
removal of the thyroid As has been shown by many observers, notably 
by Wagner, Halsted and Ribbert, if one half to three quarters of the 
gland IS removed, the remainder undergoes compensatory hyperplasia 
histologically identical \yith the spontaneous hyperplasias seen in devel- 
oping goiters Marine and Lenhart have carried out large numbers 
of experiments of partial removal, compaiing the histologic appearance 
and lodin store, and it was found that compensatory hyperplasia did 
not begin until the lodin store in the remaining part had fallen below 
0 1 per cent , and that the degree of compensatory hyperplasia increased 
proportionately as the lodin store decreased, just as was found in the 
spontaneous hyperplasias Conversely, if one removes as much as 
three fourths of the gland and administers traces of lodin (from 1 to 
2 mg weekly), no compensatory hyperplasia takes place in the remain- 
ing portion such as would regularly occur if lodin was withheld The 
admmistiation of desiccated thyroid will protect the thyroid against 
compensatory hyperplasia even after the removal of five sixths of the 
gland These very simple experiments show clearly that the changes 
in the lodin store and histologic structure occurring m experimentally 
controlled hyperplasia are identical with those occurring in spontaneous 
hyperplasia or goiter 

The same general reaction of the thyroid can also be produced in 
experimental congenital goitei The late Professor Halsted first experi- 
mentally produced congenital goitei in dogs in 1889 He observed that 
the puppies born from mothers that had had most of the thyroid gland 
removed had enlarged actively hyperplastic glands, reaching twenty 
times the normal size He noted also that the histologic appearance 
of such congenital goitei s was identical with the compensatory hyper- 
plasia following partial removal of the gland The fact that removal 
of most of the thyroid from the mother ordinarily causes marked 
enlargement of the fetal thyroid has been confirmed from many sources 
and for many of the experimental laboratory animals, including the 
dog, the cat, the sheep and the rat In addition to confirming Halsted’s 
observations on these animals, we hqve added the additional fact that 
if one gives a few milligrams of lodin during pregnancy to cats and 
dogs from which most of the thyroid has been removed, the young at 
birth will have thyroids normal as to weight, histologic structure and 
lodm content We have also been able to obtain fiom the same animal 
alternate litters of goiterous and nongoiterous young, merely by with- 
holding or administering lodin These experimental congenital thyioid 
hyperplasias are true congenital goiters They are identical with the 
spontaneous congenital goitei s of man and animals and are dependent 
on a maternal functional insufficiency of the thyroid As in many other 
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located, show hyperplasia of similar degree, and if lodin is administered 
the transplants show the same involution and storage of lodin as occur 
m the nontransplanted gland 

The thyroid gland exhibits great variations m functional activity to 
meet the wide variations m metabolism occurring during the life of the 
animal, particularly in the female For example, there are variations 
due to season Seidell and Fenger have shown the increase in the 
lodm store during the summer months and its decrease during the late 
winter and early spring months Many observers have noted the 
increased incidence of thyroid enlargement (goiter) during the winter 
and spring months Theie is a notable increase in thyroid activity at 
puberty, during pregnancy and lactation, during the menopause, during 
protracted febrile reactions (tuberculosis and syphilis), and following 
the prolonged use of certain diets, particularly those with a high fat 
and protein content It might be pointed out that these conditions, in 
which the thyroid activity is known to be increased, correspond as 
regards time to the periods in life when thyroid enlargement or goiter 
develops Increased thyroid activity is associated with a decrease in the 
lodm store in the gland, provided the intake of lodm at such times 
IS not correspondingly increased, and if the lodin store falls below 0 1 
per cent, thyroid enlargement begins The moiphologically noimal 
thyroid contains on the average about 0 2 per cent lodin The maxi- 
mum store IS between 0 5 and 0 6 per cent and the minimum store 
associated with normal gland structure is about 0 1 per cent The 
thyroid gland is endowed with an enormous capacity for growth, which 
provides a factor of safety and a compensatoiy mechanism to meet 
increased functional demands These enlargements of the thyroid are 
familiar to all of us as ordinary goiter 

In comparing the microscopic aj^pearance and the lodin content of 
the thyroid glands of several hundred dogs and of human beings, a 
striking relationship between the lodin store and the histologic struc- 
tuie was made out In the thyroids with normal structure the lodin 
content varied between 5 5 mg and 1 mg per gram of dried gland 
When the lodin store was below 0 1 per cent, hypertrophic and hyper- 
plastic changes were regularly found In comparing further the vary- 
ing degrees of thyroid hyperplasia with the lodin store of such glands. 
It was found that the lodin stole piogressively decreased as the degree 
of hyperplasia increased, so that in the most marked hyperplasias, lodin 
was usually absent or present only in traces A similar relationship 
between the lodm store and the histologic structure of the gland has 
been observed in large series of thyroid glands of ox, pig, sheep and 
fowl The generalization may therefore be made that the lodin store 
vanes inversely with the degree of active hyperplasia, and that if the 
lodin store is higher than 0 1 per cent , no hypertrophic changes are 
present 
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Finally, experiments were undertaken to demonstrate that the nor- 
mal thyroid could be kept normal for long periods of time, even in 
highly goiterous districts, merely by the administration of traces of 
lodin In these experiments, litters of puppies from iodized mothers 
were used in order to insure normal thyroids at birth To half of each 
litter, 1 mg of lodin was given by mouth once a week while the other 
half of each litter served as controls These experiments were carried 
out in Cleveland, where practically all dogs normally have some degree 



Fig 3 — Section of the same thyroid removed Dec 17, 1908, showing marked 
decrease in stroma and a corresponding relative increase and more differentia- 
tion of the alveoli 


of thyroid hyperplasia It was found that those puppies that did not 
receive lodm developed thyroid hyperplasia, while the thyroids of those 
that received the milligram once a week remained normal, although the 
iodized and control puppies were kept m the same kennels and fed 
with the same kind of food These experiments proved that lodm did 
control thyroid overgrowth, and that we had to deal with a unique 
physiologic fact in that a single inorganic element prevented overgrowth 
of the gland and controlled the functional lalue of its secretion 
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instances, the experimental production of congenital goiter merely con- 
firmed the views of the older students of congenital goiter in man, 
based on their clinical observations 

A litter of four typical congenital cretins weie brought to the 
laboratory at the age of 6 weeks, November 16, 1908 All had marked 
thyroid enlargement The accompanying illustrations show the typical 



Fig 2 — Section of thyroid removed Nov 25, 1908, showing high-grade 
mj'xedematous atrophy Some of the alveoli are well preserved, others are 
very atrophic and undeveloped All of the alveoli are widely separated by a 
soft, vascular, markedly hypertrophied stroma 

appearance of the thyroid of one of these goiterous cretins in the late 
stages of exhaustion atrophy and the remarkable recovery as to the 
anatomic and chemical condition of the thyroid following the adminis- 
tration of a few milligrams of lodin daily over a period of two months 
the puppy developed into a normal dog 
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Dise-\ses of the Thyroid 

If we omit anomalies of development, inflammations and tumois, 
the specific diseases in which the thyroid gland is known to play an 
important idle may be divided into two groups 

1 Thyroid insufficiencies 

(a) Simple goiter (endemic, epidemic and sporadic) 

{h) Myxedema (1) Infantile (cretinism) 

(2) Adult (Gull’s disease) 

2 Exophthalmic goiter 

These groups overlap to some extent Myxedema may supervene m 
exophthalmic goitei and exophthalmic goiter may develop on the basis 
of simple goitei 

THYROID INSUFFICIENCIES 

From the standpoint of clinical medicine, simple goiter and myxe- 
dema are treated separately, but from the standpoint of physiology and 
pathology they are different stages of the same process This fact was 
most clearly expressed by Morel in 1864 “Le goitre est le piemierc 
etope sw le chemin qm conduit du cretimsme ” 

(a) Simple Goiter — Simple goiter is a compensatory or work 
hypeiplasia of the thyioid gland developing during the course of cer- 
tain metabolic disturbances of unknown nature, but immediately 
depending on a relative or absolute deficiency of lodin It may 
occur endemically or sporadically in all land and fresh water animals 
with the ductless thyroid Animals living m or near the sea are rela- 
tively free from goiter In ceitain parts of the world — the so-called 
endemic goiter districts — the incidence of goiter is greatly increased 
Pittsburgh lies near the southern bolder of the most important district 
of endemic goiter in North America, the center of which is in the 
Gieat Lakes basin and the St Lawrence River Valley 

The sudden occurrence of large numbers of goiters in man and 
animals has been observed — the so-called epidemics of goiter These 
outbreaks have been observed in troops stationed in goiterous dis- 
tricts, also in fish hatcheries, on poultry farms and in dairy heids 
Etiology The essential cause of simple goiter is unknown The 
immediate cause is a relative oi absolute deficiency in the lodin store 
of the thyroid Goiter is, therefore, only the local sign or effect of a 
specific deficiency disease and may result from (1) an increase in the 
needs of the organism for the lodin containing hormone, as during 
puberty, pregnancy and lactation, during the menopause, during cer- 
tain infections and intoxications, following sufficient injury to the 
interrenal gland (adrenal cortex) oi as a result of diets consisting 
mainly of fat and piotein, (2) interference with the absorption and 
utilization of the normal intake of lodin, or (3) actual deprivation of 
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The Anatomic Cycle in Goifei — As already pointed out, the thyroid 
IS a labile tissue, capable of marked hyperplasia and involution in 
response to vaiiations in functional activity On this account, a wide 
range and great variety of progressive, regressive, degenerative, inflam- 
matory, atrophic and neoplastic changes may be present, many of which, 
as Virchow long ago pointed out, are only terminal metamorphoses 
and complications occurring in long-standing goiters These secondary 
changes are usually present in human goiter and have caused most of 
the confusion and difficulties in interpretation 

The primary or basic anatomic changes in the thyroid in goiter are 
relatively simple In working with large series of goiterous and non- 
goiterous thyroids in fish, birds, dogs, cats, sheep, cattle, pigs and rats, 
we have found that the cycle of essential cell changes may be reduced 
to a simple schema 


Normal thyroid 

Colloid thyroid 

Colloid 


hypertrophy 

hypertrophy 

hypertrophy 


hyperplasia^^ 

hyperplasia 

hyperplasia 


atrophy 
colloid or 

• atrophy 
colloid or 

■ atrophy 

■ colloid or 


resting stage 


resting stage 


resting stage 


This cycle is the same for all animals examined, including man 
The thyroid cell begins to hypertrophy when the lodin store falls below 
a given level, and continues this hypertrophy and hyperplasia until 
exhaustion atrophy or recovery supervenes By recovery, one means 
the return to the colloid or resting stage, and not, as some have sup- 
posed, the disappearance of the thyroid enlargement The colloid gland 
IS the condition nearest to normal, both anatomically and chemically, 
that a gland can assume which has once been in the state of active 
hyperplasia, and such colloid glands are capable of all the leactions of 
a normal gland They can repeat the cycle of hypertrophy, hyperplasia 
and involution many times, as has been shown experimentally m dogs 
by producing compensatory hyperplasia, by partial removal of the 
colloid gland, involuting this hyperplasia with lodiii, again producing 
compensatory hyperplasia by partial removal and again involuting with 
lodin We have succeeded by this method in causing the gland to repeat 
Its cell cycle as many as seven times in the same animal These cell 
charges are not specific for any clinical disease, as some have supposed, 
but occur in response to any stimulus for increased thyroid activity 
This stimulus may be a relative or absolute lack of lodin , the increased 
needs of the animal for thyroid activity during infectious diseases, 
during pregnancy and lactation, the result of diets high in fats and 
protein, as shown by McCarrison 
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stances has been put forward as causal agents, but none of these 
has been shown to have any relationship At present the best con- 
ception of the etiology of simple goiter is that it is a compensatory 
or work hyperplasia munediately dependent on a relative or absolute 
deficiency of lodin Whether the deficiency in lodin is primary or 
secondary cannot be stated at present When one recalls that 
50 mg of lodin will maintain the thyroid in a normal state for 
as long as a year, and that diets rich in fat can quickly exhaust the 
lodin of the thyroid, it would appear that the lodin deficiency might 
be considered as the pi unary, and possibly the essential, cause Never- 
theless, we must still consider the possibility of endemic goiter being 
due to some chemical agent or toxin acting to divert the normal lodin 
intake or to increase the needs of the organism for thyroid activity 

Pathology The first change in the thyroid in developing goiter 
IS a marked decrease in the lodin store When this stoie has fallen 
below 0 1 per cent , increased vascularity, cell hypertrophy and hyper- 
plasia occur In the lower animals, with the exception of the rat, this 
cellular hyperplasia is regular and uniform, while in man it is fre- 
quently irregular and nodular — struma nodosa or adenomatous goiter 
These nodules or adenomas are believed to be due to different rates 
of growth of cell rests of different physiologic age These nodules 
are an integral part of simple goiter in man The more differentiated 
types are functionally active and react with lodin, while the less differen- 
tiated fetal adenomas have lost more or less completely this characteristic 
Adenomas are of great impoi tance in clinical medicine because they are 
so frequently the seat of hemorrhage, cyst formation, calcification and, 
most important of all, they form the basis of perhaps 90 per cent of 
thyroid carcinomas 

Treatment The therapy of simple goiter may be divided into two 
parts (1) prevention and (2) curative treatment 

Prevention Goiter is the easiest and simplest of all known dis- 
eases to prevent both in man and in animals Apart from the experi- 
mental prevention mentioned earlier m this paper, lodin was first used 
m the prevention of goiter on a large scale in 1910, when it was 
demonstrated that this element added to water m concentrations not 
greater than 1 1,000,000 prevented the disease m brook trout Since 
that time, lodin in some form has been successfully used commercially in 
the prevention of goiter in cattle, sheep, hogs and poultry lodm 
is effective when administered m any form or manner This fact 
introduces difficulties and advantages, difficulties as to the selection of 
the best form and manner of administration, and advantages m that 
the desired result may be accomplished with certainty in a variety of 
ways The ideal plan of administration of lodin for goiter prevention 
IS still to be worked out In private practice, from 15 to 30 cc of 
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lodm, either natural or experimental Drinking water has been asso- 
ciated with the etiology from the remotest times and by all people, but 
we are still ignorant of the nature of the association Foodstuffs grown 
in goiter districts and the water in such regions have been found to 



absorption orthT stroml 'and removed Jan 18, 1909, showing further 
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^rtlTis^rVt^j nongoiterous districts The theory that 

toxins of har^^^ action is without supporting evidence That 
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(b) Myxedema — This is a chronic disease due to a high-grade 
thy 1 Old insufficiency and chai acterized by greatly reduced metalDohsm 
resulting in stunted mental and physical development if occurring dur- 
ing the gi owing period and in trophic disturbances, cachexia and mental 
deterioration if occurimg m adults Clinically, the disease may be 
arbitiarily divided into two groups, depending on whether it develops 
before or after puberty (1) congenital and infantile myxedema and 
(2) adult myxedema or Gull’s disease 

Congenital Myxedema or Cretinism The disease occurs sporadi- 
cally and endemically The sporadic form is rare and may occur 
anywhere, but the endemic form is associated with endemic goitei 
Goiter IS the first evidence of a functional insufficiency of the thyroid, 
and myxedema is the end stage of the severest form of this insufficiency 
Many obseivers believe that cretinism is a more complex nutritional 
disturbance than can be accounted for on the basis of thyroid insuf- 
ficiency This belief is based on the facts that many other conditions — 
dwarfism, iickets and Mongolian idiocy — have m the past been con- 
fused with cretinism and that postnatal treatment with desiccated 
thyroid is usually only paitially successful, while m the myxedema of 
adults, treatment with desiccated thyroid is highly successful The 
postnatal therapeutic test is not a physiologic test for the reason that 
the greatest effects of thyroid insufficiency occur during fetal and 
early postnatal life A moie appropriate test would be to administer 
desiccated thyroid or lodin to the mother during pregnancy The 
question is raised because of the ease with which congenital myxedema 
m animals may be controlled by the administration of lodm or desic- 
cated thyroid during pregnancy oi during the fiist weeks after birth 
All the experimental work indicates that the primary and essential 
lesions in cretinism may be directly ascribed to thyroid insufficiency 
A loss of thyioid function sufficient to cause recognizable myxedema 
may have varied etiology Injury or destruction of the gland by 
infection or trauma, congenital absence or smallness of the thyroid 
anlage, or atrophy of unknown nature are the most common causes of 
sporadic infantile myxedema, while endemic goiter is the most important 
additional factor in endemic myxedema 

Pathologic Physiology The essential physiologic fault is a deficiency 
of the lodm-contaming hormone In surviving cretins the loss is 
rarely complete, as m the severest form both animals and man die 
soon after birth Although cretinism may occur m the first gener- 
ation of goiterous parents, it is usually the summation of several 
generations of goiterous progenitors 

Treatment Prevention offers the only certain means of controlling 
the disease both in man and animals The postnatal treatment is only 
partially successful because too much damage has been done before 
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syrup of hydnodic acid, given in from 0 5 to 1 c c doses daily and 
repeated each spring and autumn, is sufficient 

In the endemic goiter districts of America, 90 per cent of simple 
goiter could be eliminated by protecting the mother and fetus during 
pregnancy, and the child between the ages of 10 and 17 years The 
public schools offer almost ideal conditions foi carrying out goiter 
prophylaxis in children, and maternal and fetal thyroid enlargement 
could be conti oiled by private physicians and prenatal clinics 

In a demonstration of goiter prevention in school children. Marine 
and Kimball administered 2 gm of sodium lodid each spring and 
autumn for three years , The 2 gm was given in 0 3 gm doses daily 
Of 2,190 pupils who took the 2 gm as directed, only five developed 
thyroid enlargement, while of 2,305 who did not take the lodid, 495 
developed goiter These amounts of lodin are excessive , 0 5 gm of 
sodium lodid would be as effective In Switzeiland, wheie the inci- 
dence of goiter IS much higliei, they have used lodostaiin tablets 
containing from 1 to 5 mg of lodm A tablet is given once a week 
If the entire population is to be protected, iodized table salt is perhaps 
the most practical method Sea salt, if used exclusively, or a salt 
containing 0 2 per cent lodm, if restricted to table use, would seem 
ample 

The mother and fetus may be protected against thyroid enlarge- 
ment by the administration of 30 c c of syrup of hydnodic acid, or 
of an equivalent amount of lodm in any othei available foini extending 
ovei a month during the first half of pregnancy Desiccated thyioid 
is theoretically a more direct prophylactic agent than lodm, but prac- 
tically it is too dangeious a drug to be recommended for this puipose 
The dangers from lodin administration m the doses recommended aie 
negligible 

Curative Tieatment In long-standing goiteis, no plan of medical 
treatment is very satisfactory In the earl}' developmental stages of 
goiter, the curative effects of lodin in the doses recommended are most 
striking and bring about complete relief m the majority of cases if not 
complicated by adenomas, hemorrhage, cyst formation oi othei patho- 
logic conditions Perhaps the most satisfactory plan of medical treat- 
ment IS to administer from 2 to 4 gm of desiccated thyioid m 02 gm 
doses daily, and after allowing an mteival of two weeks without treat- 
ment, to saturate the thyroid with lodin by giving 30 c c of syrup of 
hydnodic acid or its equivalent m lodm in from 1 to 2 c c doses daily 
This treatment may be repeated every third or sixth month The 
maximum reduction will occur in from six to twelve months As a 
general lule, neither lodm nor desiccated thyroid should be given when 
exophthalmic goiter is suspected, although there are certain stages of 
this disease that are materially benefited by the administiation of 
lodm m milligram doses 
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glands, suprarenal (adrenal medulla) and mterrenal glands (adrenal 
cortex) are also involved in an important way * 

It was m the hope of finding additional facts regarding thyroid 
interrelations, and possibly some new data relative to exophthalmic 
goiter, that I undertook an investigation of the thyroid sex-gland 
interrelations The thyroid sex-gland mtei relationship is perhaps one 
of the longest known and most striking examples of interrelations of 
glands with internal secretion Thyroid enlargement is intimately 
associated ivith the cyclic activities of the sex glands, and it occurred 
to us that since the adrenal cortex is in many ways closely related to 
the sex glands, furthei data on the sex-gland-thyroid interrelationship 
might be obtained by studying the effects of cortical injury on thyroid 
function I have used heat production as the best available method 
for measuring variations m thyroid activity Golyakowski, in 1899, 
first observed the increased heat production which follows severe but 
sublethal injury to the adrenals in the dog 

In collaboration with Drs Baumann and Scott, I have studied the 
heat production m a large senes of rabbits and cats following adrenal 
injury In rabbits we have produced adrenal insufficiency by 
removal of the glands and by freezing the cortex after mobilization 
with as little injury to the blood and nerve supply as possible In 
cats, we have in addition utilized the method of vein ligation The 
reactions as to heat production following these forms of injuring the 
adrenal function may be divided into three groups (1) those that 
survive indefinitely with no appreciable alterations m heat production, 
(2) those that show an increase in heat production, and (3) those 
that show a fall in heat production Of thirty-three rabbits in which 
both adrenals were removed, twenty-seven, or 82 per cent , showed 
a rise m heat production varying from 10 to 63 per cent The rise is 
absolute and usually begins in from three to six days after removal 
or injury of the adrenals and lasts from a few days to several 
months Sometimes in rabbits, and frequently in cats, the rise in heat 
production is preceded by a fall lasting two or three days 

Infection, trauma and nerve injury, it is believed, may be eliminated 
as important factors in this increased heat production The simplest 
explanation for the increased heat production with the facts at present 
available, is that it is in part due to increased thyroid activity brought 
about by the removal of the regulatory and inhibitory influence normally 
exercised by the adrenals, and that it is dependent on cortical rather 
than on medullary function In order to determine whether the thyroid 

* On account of the dual nature of the suprarenal gland the termmolog}’- of 
comparative anatom}-' has been adopted, namely, “adrenal gland” includes both 
the medulla and cortex, “suprarenal gland” includes only the medulla or 
chromophil tissue and the “mterrenal gland” includes only cortical tissue 
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treatment can be instituted Remarkable cures may be obtained in 
cretin animals when treatment can be started shortly after birth Since 
all the available evidence indicates that endemic cretinism is due to 
the same physiologic fault as endemic goiter, and since congenital 
myxedema may be readily controlled in animals by the admimstration 
of lodin to the mother during pregnancy, I believe that the elimination 
of endemic cretinism is as simple as the elimination of endemic goiter, 
and can be accomplished by the same means To this end it is neces- 
sary to see that the mother obtains 2 to 5 mg of lodin weekly in some 
available form during pregnancy and that this be continued from time 
to time during the growing period of the child Just as in the pre- 
vention of endemic goiter, the most practical means of prevention will 
probably be the state-wide use of salt containing from 1 to 2 mg 
of lodm per gram 

Myxedema of Adults (Gull’s Disease) This is the best understood 
eftect of a pathologic decrease in thyroid function, because it is not 
complicated by the ill-undei stood and intricate chemical processes of 
growth and development Spontaneous and operative or experimental 
myxedema are essentially identical The first experimental myxedemas, 
reported in 1882 and 1883, were produced in man by the Reverdin 
brothers and by Kocher by the removal of goiters Spontaneous 
myxedema is from six to eight times more common in women than 
in men, and exophthalmic goiter is the most important antecedent 
The disease, as pointed out by Gull, is usually associated wtih exhaus- 
tion atrophy of the thyroid, but occasionally thyroid enlargement may 
be present In endemic myxedema, thyroid enlargement is the rule 
As regards treatment, m the rare instances in which there is abundant 
active thyroid, lodm is as efficacious as desiccated thyroid, just as in 
congenital myxedema In all other cases, the lodin-contaimng hormone 
must be supplied — ^best in the form of desiccated thyroid The treat- 
ment of myxedema by thyroid, discovered by Murray in 1891, is one of 
the triumphs of applied physiology 

EXOPHTHALMIC GOITER 

While studies in pathology and ph}'^siology have as yet contributed 
very little toward clearing up the nature of this obscure disease, they 
have indicated that the most suggestive lead lies in the field of the 
interrelations of glands of internal secretion Exophthalmic goiter may 
be defined as the manifestation of a disturbance of the regulatory 
control and functional interactions of organ activities, characterized 
by increased metabolism of thyroid origin, asthenia and tachycardia 
The thyroid plaj'-s an important role in the clinical manifestations of 
the disease, but we must look beyond this gland for the essential and 
primary lesions So, also there is evidence that the thymus, liver, sex 
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third day from birth to the thirty-fifth day of life A sharp rise in 
heat pioduction was observed during the second week of extra-uterine 
life, coinciding with the onset of the cortical destruction Our figures 
were as given in the table 


Rise VI Heat Piodnchott After Bvth 


Calories per kg 
per hour 


From 1 to 7 days 1 88 

From 8 to 14 days 2 14 

From 15 to 21 days 2 15 

From 22 to 28 days 2 30 

From 29 to 34 days 234 


The use during the second week was much greater than the com- 
bined rise dining the next three weeks of observation A rise in heat 
production follows both the normally occuiring and the experimentally 
produced injuries to the mterrenal gland, provided the thyroid gland 
is intact, but it does not occur m animals when the thyroid gland 
has been previously removed If the mterrenal gland directly or indi- 
rectly exercises a restraining or regulatory control over the thyroid 
gland, It may be found to have an important relation to the etiology of 
exophthalmic goiter In studying the clinical manifestations of chronic 
sublethal mterrenal insufficiency m cats and rabbits, one is impressed 
by the points of similaiity between it and some of the outstanding 
features of exophthalmic goiter The most prominent single feature 
in each is a significant increase in heat production Each condition has 
a phase of increased fatigability, asthenia and exhaustion In both 
conditions, there is evidence of myocardial injury Diarrhea, increased 
or decreased appetite, nutritional and weight changes, are present in 
both A rapid loss of lodm associated with thyroid hypertrophy is also 
present m each Finally, that rather rare form of exophthalmic goiter, 
running a fatal course in a few weeks, with maiked asthenia, tachy- 
cardia, hyperthermia and coma, bears a striking resemblance to the 
effect produced by experimental mterrenal insufficiencies terminating 
fatally in one or two weeks 
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was a factor m the increased heat production, fifteen experiments were 
carried out After control heat production measurements had been 
made over a period of from two to three weeks, the thyroid glands 
were removed and the metabolism allowed to fall to its lowest level, 
usually m about three weeks, and then the adrenals were removed 
either in one or two sittings and heat production measurements con- 
tinued until the animal died or until further observations seemed 
unnecessary In only two instances after adrenalectomy were there 
sigmficant rises in heat production above the level obtaining after 
thyroidectomy, but in no instance did the heat production rise to the 
normal level 

The striking feature of these experiments is the absence of a 
significant rise m thirteen of fifteen rabbits in which adrenalectomy 
was performed after thyroidectom}'^, in comparison with a rise of more 
than 10 per cent m twenty-seven of thirty-three rabbits with intact 
thyroids, in which the adrenals were removed Further, there is 
evidence that the lodin store m the thyroid is markedly reduced during 
the period of increased heat production following injury to the adrenals, 
and, m addition, we have been able to cause secondary rises in 
heat production after thyroid exhaustion by the admimsration of a 
few milligrams of lodin These facts, we believe, establish another 
thyroid-adrenal interrelationship which, with our present knowledge, 
seems to depend on an antagonistic action of the thyroid and interrenal 
gland (adrenal cortex) The fact that increased heat production occurs 
after removal of most of the chromophil tissue, indicates that epinephnn 
has very little to do with it It is possible that, if increased epinephnn 
discharge could be combined with interrenal insufficiency, a much greater 
nse in heat production could be brought about It should be pointed 
out that while the thyroid-interrenal gland interrelationship appears to 
be an important one, it is onl}'^ one of many functions m which the 
interrenal gland is directly or indirectly concerned 

In this connection, it is appropriate to refer to some measurements 
of heat production m infants dunng the noimal involution of the 
adrenal gland, which begins during the second week of extra-uterine 
life This involution is a remarkable destruction of the tw^o inner 
layers of the cortex It begins as a hemorrhagic infiltration, going on 
to necrosis and finally to absorption of these la 3 '’ers, with a folding 
and collapse of the glomerular zone on to the medulla While the 
physiologic significance of this normal destruction of the cortex m 
human infants’ adrenals is unknowm, it occurred to us that it might 
be in effect a natural^ occurring cortical injury bringing about an 
alteration in heat production similar to that found in animals following 
experimental sublethal destruction of the cortex Lowe and Cipra and 
I studied the heat production in ten normal infants every second oi 
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and otheis working with or under the diiection of Rosenow have 
lepoited siinilai results The gi eater number of woikers have, however, 
failed to obtain evidence of an elective localization Thus Moody 
found no evidence of a tendency to specific localization in the injection 
of bacteria fioiii chronic dental foci Heniici,^^ in studying the speci- 
ficity of stieptococci, could demonstrate no tendency of the organism to 
repioduce the disease from which the patient suffered Meyer sus- 
pects the selective action of bacteria, and consideis that it is the tissues 
of the animal which determine the local lesion 

Few of those who have attempted to verify Rosenow’s work have 
given the proper consideration to certain fundamental technical details 
The bacteiia employed in animal inoculations have often been sub- 
cultivated aerobically Rosenow has emphasized that the bacteria con- 
cerned 111 chronic foci are very sensitive to oxygen, and that the property 
on which elective localization depends tends to disappear promptly on 
aerobic cultivation To demonstiate an elective localizing power the 
culture medium must be favoiable with legard to oxygen tension, and 
the animal inoculations must be made with freshly isolated cultures 
The necessity for providing the pioper oxygen tension in the culture 
medium cannot be emphasized too strongly There is much to suggest 
that an adaptation to a cei tain oxygen tension is largely the determining 
factoi 111 elective localization It has been well stated that "a focus 
IS of importance not only as affording an entrance way for bacteria but 
also as a place where varying affinities may be accjuiied ” 

It IS important to decide, if possible, whether bacteria do have a 
selective affinity Certainly the best experimental proof we have of the 
etiologic relationship of a focus of infection to a certain lesion is the 
reproduction of the lesion in animals by the injections of bacteria 
isolated from a focus in the patient It is still better proof of an 
etiologic relation if it is shown that the reproduction of the lesion is 
dependent on the specific tendency of the bacteria to produce the 
lesion which the organism causing the patient’s infection is evidently 
producing 

Certain considerations in a study of elective localization should be 
emjDhasized Some lesions are exceedingly easy to produce in animals 
Thus joint involvement is commonly found after the intravenous injec- 

10 Moody, A M Lesions in Rabbits Produced by Streptococci from 
Chronic Alveolar Abscesses, J Infect Dis 19 515, 1916 

11 Henrici, A T The Specificity of Streptococci, J Infect Dis 19 572, 
1916 

12 Meyer, K F Discussion in Symposium on Removal or Retention of 
Teeth, T Nat Dent Assn 7 175, 1920 

13 Rosenow, E C Relation of Dental Infection to Systemic Disease, Dental 
Cosmos 59 485, 1917 
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An etiologic relationship between chronic foci of infection and sys- 
temic disease is accepted by most clinicians The cure or marked 
improvement in some systemic disorder which may follow the removal 
of a septic focus seems conclusive proof of a causal relation The 
clinical manifestations of focal infection depend primarily on the site 
of localization of the bacteria which are fed into the blood stream The 
extent of clumping of the organism, the nature of the blood supply, 
the food supply and local tissue resistance must play important parts 
in determining the localization and resulting infection 

Rosenow ^ has emphasized also the individual variation in bacteria 
and has advanced the theory that bacteria have a specific tendency to 
localize in certain tissues of the body, dependent on some peculiar 
inherent property The theory is a most attractive one and has evoked 
a great deal of discussion If it is true that bacteiia have peculiar 
localizing or infecting powers, many obscure phenomena of disease 
are explained The theory concerns especially the streptococci com- 
monly associated with chronic disease of bacterial oiigm Rosenow 
has demonstrated that such streptococci freshly isolated from infected 
tissues and from foci of infection in patients sufifering from rheumatic 
fevei,^ erythema nodosum,^ ulcer of the stomach, cholecystitis, herpes 
zostei, myositis,^ appendicitis and epidemic parotitis,® and acute polio- 
myelitis,® tend to reproduce in animals the lesion from which the 
patient suffered Bumpus and Meisser,^ Meisser and Gardner,® Hardt ® 

*From the Department of Medical Research, Deaner Institute 
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was lesponsible for 139 of 215 cases reported by him De Schweinitz 
aptly sums up the question in the statement that there is “no better 
established etiological relationship than that between septic foci in dental 
areas and ceitain diseases of the e 3 ^e, especially those of the uveal 
tract ” Such conclusions are based largely on the clinical improvement 
noted after the eiadication of foci of infection 

There is little experimental pi oof, however, of a relation between 
focal infection and eye disorders Irons, Brown, and Nadler studied 
a streptococcus isolated from the infected tissues of a patient suffering 
from dacrocystitis and iritis They found that a large percentage of 
rabbits developed eye lesions when injected intravenously with the 
freshly isolated culture The ability to produce specific lesions was 
lost on subculture and on passage The loss of specific tendency to 
localize in the eye was not accompanied by any demonstrable decrease 
in virulence for rabbits Rosenow has reported cases of eye infection 
fiom a dental pulpitis with the reproduction of the lesion in animals 
Meissei and Gardner® have reported a similar case 

METHODS 

In making the bactenologic studies of tooth infections I have followed 
closely the methods of Rosenow ■* All cultures have been made in glucose brain 
broth and glucose brain agar The mediums are prepared according to 
Rosenow’s directions 

Glucose Brain Broth dehydrated bacto nutrient broth, 8 gm , sodium 
chlorid, 8 gm , dextrose, chemically pure, 2 gm , Andrade indicator, 10 c c , and 
distilled water, 1,000 c c The broth and salt are dissolved by heating After 
cooling, the indicator and dextrose are added The medium is tubed m 6 by 
three-fourths inch test tubes so that the depth is at least 3% by 4 inches Three 
pieces of calf brain, about 1 c mm square, and two or three pieces of crushed 
marble are added to each tube The tubes are then sterilized foi twenty minutes 
in the autoclave at 20 pounds’ (9 07 kg ) pressure 

Glocose Brain Agar The agar medium is made by adding 7 gm of 
powdered agar to 1 liter of the glucose brain broth prepared as indicated above 
The calf brain and marble are then added, and the medium is sterilized 

The brain substance renders the bottom of the medium anaeiobic, the top 
IS aerobic, so that every degree of oxygen tension between these two points is 
provided The nutritive qualities of these mediums are especially favorable 
for the growth of the organisms encountered m infections about the teeth 
The agar medium we have found especially valuable in showing the relative 
number of bacteria present m the material inoculated It will barely solidify 
but is hard enough to hold colonies disci ete without restraining growth The 
appearance of a brain agar tube is shown m Figure 1 


18 De Schweinitz, George E Dental Sepsis in Its Relation to Ocular Dis- 
orders, Dental Cosmos 42 565, 1920 

19 Irons, E E , Brown, E V L , and Nadler, W H The Localization of 
Streptococci in the Eye A Study of Experimental Iridocyclitis in Rabbits 
I Infect Dis 18 315, 1916 

20 Rosenow, E C Focal Infection as a Cause of Intis, Med Clin N 
America 5 573, 1921 
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tion of many difterent types of bacteria The production of arthritis in 
an animal with the bacteria isolated from an infection in a patient 
suffering from arthiitis in a single instance, is little proof of a causal 
relation and still less of elective localization The only data of value 
are those showing that the bacteria from a large group of persons with 
arthritis pioduce arthiitis m a much higher percentage of animals than 
those from a similar number of persons not suffering from arthritis 

The lesions which are especially desirable for a study of elective 
localization are those which occur rarely on routine intravenous injec- 
tion We have lecently been observing the lesions produced m animals 
by the intravenous injection of bacteria isolated from chronic periapical 
dental infection During this time we have had the opportunity of 
noting the lesions produced by streptococci isolated from dental areas 
of infection in a group of patients suffering from infections of the eye 
The results seem to offer some data of value in determining the truth 
of the theory of elective localization and the relationship of the infec- 
tion to the diseased process 

Eye infection occurring in animals after intravenous injection may 
be a part of the widespread lesions of a septicemia, associated with an 
infection of the central nervous system, or a specific localization m the 
e>e Involvement of the eye is seen only in a small proportion of 
animals on routine injection Rosenow found eye infections m thirty- 
two of 833 animals injected with cultures from varying sources 
Moody obtained eye infections in 1 7 per cent of 178 animals 
injected with bacteria from dental foci The accessibility of lesions of 
the eye to direct observation and ophthalmoscopic examination is also 
a great ad\antage m such an experimental study 

A close clinical relationship between oral sepsis and infections of 
the uveal tract has long been recognized Black,^'^ in summarizing the 
literature concerning ocular disease resulting from dental lesions, cites 
clinical reports bearing on this i elation which were published as early 
as 1842 Butler,^® in a study of 100 cases of infection of the uveal 
tract, decided that 12 per cent were definitely due to oral sepsis He 
considered that the etiology of 41 per cent was doubtful, but con- 
cluded that probably a large part of these originated in oral sepsis 
B T Lang classified 71 out of 176 cases of eye infection as due to 
septic foci about the teeth William Lang thought that p 3 ’’orrhea 

14 Black, A D Ocular Disorders Resulting from Dental Lesions, Ophth 
Rec 24 1915, 1915 

15 Butler, T H Etiology of Intis, Brit M J 1 804 (April 8) 1911 

16 Lang B T Influence of Septic Infection in the Causation of Eye Dis- 
ease, Brit M T , Feli 22 1913 

17 Lang, William Influence of Chronic Sepsis on Eye Disease, Lancet 
Mai 17, 1913 p 1368 
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twenty-four hours When cultures were taken from several teeth from one 
patient, the several broth cultures were often mixed before injection The 
rabbits varied somewhat in size but averaged about 1,500 gm Each animal 
was given 5 c c of the broth suspension 

The animals have been watched carefully for eye lesions Usually necropsy 
was performed on one animal from each culture three days after the injection, 
and on the second six days after injection Occasionally animals have been 
kept for longer periods for observation One animal has been observed for 
nine months At necropsy the animals were carefully examined for lesions No 
lesions were considered as present unless plainly visible to the naked eye 
Microscopic sections have been made of many of the tissues Cultures have 
often been made of the organs at necropsy, out not in a routine manner 

The patients studied have all suffered from eye infections which were con- 
sidered as blood-borne and possible manifestations of focal infection Patients 
with a positive Wassermann test have all been excluded except one (Case 5), 
which was included before the Wasseimann report was received A complete 
physical examination was made in all cases but one The tonsils had not been 
removed from some patients, and could not be excluded as an additional 
factor No apparent foci except the teeth and tonsils were found 

EXPERIMENTAL OBSERVATIONS 

Positive cultuies were obtained from the root tip or pulp of one 
or more teeth of fifteen patients suffering from metastatic eye infec- 
tions Staphylococci and streptococci were the only orgamsms recovered 
Streptococci were found almost constantly as the predominant organism 
Staphylococci were occasionally observed m pure culture but were 
usually present only in small numbers in association with strepto- 
cocci No relation has been found between the type (Holman) of 
organism and the pathogenicity 

Sixty-six rabbits have been injected intravenously with the bacteria 
isolated (Group 1) At least two rabbits were injected with the single 
culture or the mixed cultures from a patient Two animals were used 
for the culture from each tooth found infected in several patients 
Forty-five, or 68 2 per cent , of the sixty-six rabbits developed eye 
lesions The positive findings include one or more rabbits from 
fourteen patients The one patient whose cultures produced no syph- 
ilitic lesions was found later to have a positive Wassermann test 

As a control on these results we have the result of the inoculation 
of 169 rabbits by the same uniform technic with the cultures from the 
teeth of patients who were suffering from no systemic disease or from 
systemic disease other than infection of the eye (Group 2) Of this 
group, twenty-five, or 14 8 per cent , had lesions in the eye , twelve, or 
nearly 50 per cent , of these were associated with meningitis , the 
majority of the remaining thirteen were a part of an evident septicemia 
with generalized lesions Only six, or 13 per cent , of the lesions in 
Group 1 were associated with meningitis, and few animals showed evi- 
dences of a septicemia 
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In making cultures of tooth infections the greatest care is necessary to avoid 
surface contamination We have found that sterile cultures can be quite uni- 
formly obtained from the tips of anterior vital teeth by the procedure which 
we have employed It is apparent that unless sterile cultures can be obtained 
from noninfected vital teeth, cultures of pulpless teeth are of little value We 
have utilized the following technic Before extraction the teeth are thor- 
oughly scrubbed with gauze, after which the field of operation is painted with 
tincture of lodm Care is taken that the lodm penetrates well into the space 
between the gum margin and tooth, and between the teeth The lodin is removed 
with alcohol and the area of operation walled off with sterile gauze 

The tip of the extracted tooth is cut off with sterile forceps directly into a 
test tube containing a few cubic centimeters of sterile salt solution and a small 
amount of sham sand The tubes are well shaken to macerate the tissue on 
the tip of the tooth as completely as possible The mediums are inoculated b}' 



Fig 1 — Original glucose brain agar culture tube from the tip of tooth 
indicated by arrow m Fig 4 

pouring the salt solution containing the suspended tissue into a tube of agar 
which had been heated and cooled to 40 C The tube is quickly inverted once 
and allowed to harden The small amount of salt solution remaining in the 
tube IS poured into a tube of glucose brain broth The inoculated tubes are 
incubated at 37 C for from twenty-four to forty-eight hours A smear is made 
from the broth culture and stained by Gram’s stain A transplant of the broth 
culture IS made to a blood agar plate Subcultures are made of streptococci 
from the blood agar to lactose, mannite and salicin fermentation tubes Accord- 
ing to the appearance of the colonies on blood agar and the fermentation reac- 
tions, the streptococci are classified by Holman’s table"’ 

Rabbits have been injected intravenously with the broth culture as soon as 
a good growth was obtained This was never more, and usually less, than 


21 Holman, W L J Med Res 34 377, 1916 



Fig 2—0 represents the normal eye of an albino rabbit b, the left eye of 
Rabbit 4, forty-eight hours after the intravenous injection of a culture from 
the root tip (Fig 4) in a case of recurrent hyalitis (Case 1) Note the exudate 
in the anterioi chamber and the circumcorneal injection c, eye of Rabbit 87 
injected with the cultures of root tips in a case of iritis, and episcleiitis 
(Case 10) Note the pericorneal injection, hemorrhages in ins and sclera 
and exudate in anterior chamber d, eye of Rabbit 95 injected with the mixed 
cultures of the root tips of the upper incisor teeth (Fig 5), in a case of recurrent 
iritis (Case 8) A photomicrograph of the ins and ciliary body of this eye is 
shown in Figure 10 e, right eye of Rabbit 12 eight days after the intravenous 
injection of the attenuated culture from the root tip (Fig 4) in a case of 
recurrent hyalitis (Case 1) Note the absence of light reflex due to an opacity 
of the vitreous humor A photomicrograph of the vitreous of this eye is shown 
in Figure 11 f, eye of Rabbit 43 six months af*er the injection of cultures from 
the root tips in a case of iridocyclitis following the removal of a congenital 
cataract (Case 4) This animal had recurring attacks of iritis 
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The percentage of lesions in the principal organs affected in the 
two groups are shown in the table The incidence of joint involvement 
IS about the same in the two groups The muscle, kidney, heart, brain, 
stomach and duodenum showed a smaller percentage of lesions in 
Group 1 than m Group 2 Numerous animals m Group 1 showed 
no lesions except those of the eye The fact that organs other than 
those involved in the patient are affected m the animal is taken by 
some as evidence against the theory of selective localization Careful 
examination of patients will demonstrate, however, that few suffering 
from focal infection show only one manifestation of metastatic localiza- 
tion The presenting lesion is usually simply the predominant one 
The most common anatomic lesion was an intis or iridocyclitis 
Some animals showed multiple hemorihages m the iiis, limbus or sclera, 
cloudy fluid in the anterior chamber, cloudy cornea and hyalitis Draw- 
ings from life of typical lesions are shown in Figure 2 Pericorneal 

Localization of Bactciia Isolated ftoin Infected Teeth 


Pe^cent^go oi Animals Shonmg Lesions m 

Number r— — * * — — > 

of Endo Mjocnr Stomaeli and Gall 

Group Animals Joint Muscle Ridnej cardium dium Brain Eje Duodenum bl idder 

1 66 65 2 22 7 39 4 10 6 4 5 10 6 68 2 1 5 0 0 

2 169 66 7 35 5 48 5 13 0 10 6 12 4 14 8 10 1 0 0 


* Group 1 consists of animals injected nith bacteria isolated from teeth of patients 
suffering from metastatic eje infection Group 2 consists of animals injected with bacteria 
isolated from teeth of patients suffering from no systemic disease or fiom systemic disease 
other than eye infection 

injection often developed a few hours after the inoculation In some 
animals the injection was progressive, m others it disappeared, only 
to reappear at a later date with an evident infection 

Histologic examination of the eyes showed injection of vessels 
(Fig 9), or hemorrhage in the ms and ciliary body in some specimens 
Others showed the diffuse inflammation of a panophthalmitis, including 
the extra-ocular muscles Still others showed a marked cellular infiltra- 
tion of the choroid (Fig 11) One showed only an infiltration of 
cells in the vitreous humor (Fig 12) Typical histologic findings are 
show in Figures 9, 10, 11 and 12 

Cultures were not made according to routine from all the eyes 
affected, as the specimens were preserved for histologic examination 
Numerous cultures have been made, however, from the ins, and aqueous 
or vitreous humor Organisms were recovered from all eyes from 
which cultures were taken during the course of an active infection 
In one instance, the organism was carried through three series of 
animals 
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COMMENT 

The fact that 68 2 pei cent of the animals injected with bacteiia 
isolated from tooth infection m patients stiftenng fiom metastatic eye 
infection dcA eloped eye infections, while only 14 8 pei cent of the 
animals inoculated with ciiltuies fioin othei somces showed similai 
lesions, could hardly be explained othei wise than by granting a selective 
action on the pait of the bacteiia The findings thus offered con- 
fiimatoiy evidence of the validity of Rosenow’s theoiy of elective 
localization Oni lesults have an added mteiest in that they demon- 
stiate again expeiimentally the well lecognized clinical i elation of 
dental infection to oculai disease 

In a nnmbei of instances we have been able to piodiice specific 
eje lesions with bacteiia isolated fiom the tips of teeth which seemingly 
showed no evidence of infection in the ladiogiaph We have found 
lepeatedly that laige ntimbeis of bacteiia may be giown from a root 
tip aioiind which theie is not enough destiuction of bone to be evident 
in the ladiograph This needs to be emphasized because often infec- 
tion aiound a pulpless tooth is i tiled out simply because the ladiogiaph 
does not show bone absoiption Such teeth are often allowed to lemam 
in the jaw even in the piesence of seiioiis metastatic systemic disease 
in which the eiadication of all possible foci is ui gently indicated 

Some of the case histones lepoited below illustiate a number of 
the pioblems encounteied in the management of chionic peiidental 
infection Case 8 is of special inteiest The complete ladiogiaphs aie 
shown in Figuie 5 The only tooth around which theie is evident bone 
destruction is indicated by an aiiow On cultuie this showed a large 
numbei of colonies of a streptococcus which pioduced no eye lesions in 
labbits An animal inoculated with the mixed cultuies fiom the uppei 
incisoi teeth developed the eye lesion shown m Figuie 2 d The patient 
stated that the woist attack of iiitis which he had sufleied occuiied 
while the dental lestoiative woik on the upper incisors was being done 

One patient (Case 12) had no pulpless teeth A molai tooth 
(Fig 6) which had a laige filling was removed, largely because theie 
was a pocket aiound it which could not be cleaned up well otheiwise 
The tooth had lesponded noimally to tests for vitality, but on opening 
the pulp chambei nndei steiile piecautions, the pulp was found to be 
swollen and hypeiemic Fiom the pulp a puie cultuie of a gieen- 
pioducing sti eptococcus was obtained The eye of a labbit injected 
with the mixed cultuies fiom the lOot tip and pulp is shown in Figuie 7 
On fuithei questioning theie seemed to be an evident connection 
between the infection of this tooth and the patient’s fiist attack of 
iiitis Two patients (Cases 4 and 10) developed infections of the 
eye subsequent to an opeiation on the eye, such as the lemoval of a 
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A general physical examination on Feb 24, 1922, was negative The tonsils 
had been removed Blood examination revealed red cells, 4,632,000 , hemoglobin, 
90 per cent , white cells, 7,400 The differential count was polymorphonuclear 
neutrophils, 55 5 per cent , polymorphonuclear eosinophils, 4 5 per cent , poly- 
morphonuclear basophils, 2 per cent , small mononuclears, 25 5 per cent , large 
mononuclears and transitionals, 12 5 per cent The urine showed no abnor- 
mality, and the Wassermann test was negative A roentgenogram of the teeth 
showed that the upper left cuspid (Fig 4), and the lower left second bicuspid 
were pulpless with poor canal filling and some bone absorption at the root tip 
The lower left lateral incisor was a peg tooth, the root was poorly filled, and 
there was a large alveolar abscess The three pulpless teeth were extracted 
The brain agar cultures showed no growth from the lower left lateral incisor, 
and only a few colonies from the lower left second bicuspid The culture of 
the upper left cuspid showed an infinity of colonies of a nonhemolytic strepto- 
coccus (Figs 1 and 3) March 1, 1922, Rabbits 3 and 4 were injected with the 
broth culture from the upper left cuspid Rabbit 3 developed numerous patches 
of choroidoretinitis and died three weeks later The necropsy findings were 
ascites and verir large white kidneys Rabbit 4 developed exudate in the 



Fig 3 — Photomicrograph of streptococcus from culture tube in Figure 1 

anterior chamber and corneal opacities of both eyes twenty-four hours after 
inoculation The following day the eyeballs were extremely red The right 
ins was discolored all the way around and the left partly around (Fig 2 b) 
with a milky gray exudate There were grayish deposits on the cornea The 
animal was killed Necropsy was negative except for the eye findings The 
streptococcus was recovered by smear and culture from both eyes On March 
5, Rabbits 5 and 6 were inoculated with streptococcus recovered from the 
left eye of Rabbit 4 Rabbit 5 developed circumcorneal injection and a 
choroidoretinitis and died thirteen days later Necropsy showed only kidney 
abscesses Rabbit 6 developed a marked injection of both eyes and died within 
twenty-four hours A short chain streptococcus was recovered from the eye 
Two rabbits injected with this culture died in a few hours without showing 
any localized lesions Rabbits 7 and 8 injected with the culture from the 
right eye of Rabbit 4 developed patches of choroidoretinitis and were killed 
SIX weeks later Rabbit 7 showed a purulent arthritis Rabbit 8 was negative 
Three weeks after the original apical cultures had been made, organisms 
were removed with a sterile pipet, grown in broth for twenty-four hours, and 
injected into Rabbits 9, 11 and 12 Rabbit 9 developed a cloudy vitreous and 
died four days after inoculation Necropsy revealed an arthritis Rabbit 11 
showed a pericorneal injection which gradually cleared up Rabbit 12 had a 
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cataract Here the localized diminished resistance must also have 
been a factor in the localization of the bacteria Two patients had 
iritis with arthritis Another had attacks of iritis with chronic glau- 
coma The case reports and protocols of animal experiments in the 
individual cases are reported in detail below 

SUMMARY 

A study of the eye lesions produced in rabbits by the intravenous 
injection of streptococci and staphylococci isolated from chronic dental 
infection is reported 

All cultures have been made m Rosenow’s glucose brain mediums 
to afford the proper nutritive material and the optimum oxygen tension 

The animals were inoculated with freshly isolated cultures, usually 
the injection was made within twenty-four hours after the extraction 
of the tooth 

Sixty-eight and two tenths per cent of sixty-six rabbits inoculated 
with the cultures obtained from fifteen patients suffering from 
metastatic eye infection developed lesions of the eye 

Fourteen and eight tenths per cent of 169 rabbits inoculated with 
cultures from patients other than those suffering from e}e disease 
developed lesions of the eye 

The much higher percentage of animals showing lesions in the 
eye when inoculated wth bacteria from patients suffering from ocular 
diseases indicates some selective affinity of the bacteria for tissues 
of the eye 

The results offer proof of the etiologic relation of infection in dental 
areas to diseases of the eye 

Teeth which are negative in the radiograph may bear as important 
an etiologic relation to disease as those which show evident infection 

CASE REPORTS AND PROTOCOLS OF ANIMAL EXPERIMENTS 

Case 1 — Recmieni hyalihs L P, a steamfitter, aged 25, was first seen, 
June 25, 1920 He complained of seeing something flying around in front of 
the right eye This was first noticed about three weeks before following an 
attack of influenza It was gradually becoming worse 

The fundus was seen with difficulty, but no hemorrhages were present Many 
fine dustlike opacities and some larger ones were floating freely in the vitreous, 
also shreds of hyaloid tissue, to which were attached numerous dustlike 
opacities There was no opacity of any kind to be found in the aqueous or on 
the back of the cornea and no inflammation was apparent The vision in the 
right eje was 20/100 

Under treatment the vision became better. 20/50, and at one time 20/40 
Between June, 1920, and February, 1922, the patient had had four light attacks 
and one severe one which left the eye almost without a reflex These exacerba- 
tions did not come on suddenly as they would have if ^03"^ had been recurrent 
hemorrhages From the time of his first visit the patient was urged to have 
all his pulpless teeth extracted, but several were not removed 




F]g 5 — Teeth of patient E O M (Case 8) The tooth showing the most marked roentgenographic evidence of infection is 
indicated by the arrow This tooth showed a severe infection on culture, but the organisms recovered produced no eye lesions 
in rabbits The lesion produced by the mixed cultures from the four upper incisors is shown in Figure 2 d 
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marked pericorneal injection three days after inoculation The iritis gradually 
cleared The vitreous of the right eye became increasingly hazy The red 
reflex was lost entirely, and there was little pupillary light reflex (Fig 2, c 
and Fig 12) The animal died eight days after inoculation Necropsy was 
negative except for the eye findings 

The patient’s vision at the present time is 15/100 

Case 2 — Old luUs, viyopia detachment of letina D S D, a laborer, aged 
35 had been losing vision in the left eye since 1902 Vision in the right eye was 
also markedly impaired He was able to work but could not read small type 
He had suffered from tooth abscesses as long as he could remember 

The left pupil was distorted from adhesions around the ins There was a 
secondary cataract of the left eye The right eye showed a large white area 
in the fundus with some detachment of the retina Vision m the right was 
12/200, on the left there was only light perception The patient had a high 
grade myopia 

The general physical examination was negative The urine showed no 
albumin, sugar or pus, and the Wassermann test was negative Blood exami- 
nation revealed red cells, 4 160,000 hemoglobin, 80 per cent white cells, 
6,800 The differential count revealed poljmorphonuclears, 64 5 per cent, 



Fig 4 Radiograph of tooth from which the culture in Figure 1 was made 
The lesions shown in Figure 2 b and c were produced by the intravenous 
injection of the streptococcus from this tooth 


po ymorphonuclear eosinophils, 1 per cent , polj morphonuclear basophils, 
per cent , small mononuclears, 23 5 per cent large mononuclears and 
transitionals, 10 per cent A roentgenogram revealed ten pulpless teeth, only 
two of which showed alveolar abscesses The upper left second molar was 
extracted on October 5 The patient did not return for the removal of the 
otier pulpless teeth and has not been seen since The cultures showed a pro- 
fuse growth in pure culture of Sti eptococcus fecalis Rabbits 67 and 68 were 
injecte vith the broth culture on October 6 No 67 developed no eye lesions 
an siowe on y arthritis at necrops 3 " Rabbit 68 showed intense lacrymation 
and pericorneal injection twenty-four hours after inoculation On October 31, 
the pericorneal injection was again present The left eyeball protruded, the 
cornea vas cloudj^ and there was some loss of corneal epithelium (Fig 8) 
e anima was i e A purulent arthritis and vegetations on the endocardium 


Case 3 /? idocychUs H F N , a driver, aged 42, had suffered from attacks 

of rheumatism for jears Two years ago, his e>es had been red and painful 
our weeks ago the right ej^e again became red and painful 
u 35 s ^ f 1 ,^ ^ similarly affected Just before the eye trouble 

began, a tooth had been extracted because it was abscessed 
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observed for the past nine months and has had numerous acute attacks of 
intis at intervals of two to three weeks The appearance of the eye in one of 
the less acute attacks is shown in Figure 2 / 

Following the extraction of the teeth the infection of the right eye flared up 
Case 5 — Iridocychits, uvcihs, hyahUs G R, an oil rig builder, aged 31, had 
had no serious illness except an attack of pneumonia in 1918 Recently he had 
nycturia The right eye was struck by a nail in October, 1920 Six weeks later 
he noticed that he could not see well In December, 1920, this eye became red 
and remained so for six weeks He had had no vision in the right eye since 
that time The left eye had also become red a few days before presenting 
himself 

An examination of the eye on May 22, 1922, showed on the right, evidence 
of trauma, uveitis and vitieous opacities Vision was 15/20 The left eye 
showed a marked hyalitis 

The patient was m an excellent state of nutrition The tonsils had been 
removed The general physical examination was negative A blood count 
revealed red cells, 4,080,000, white cells, 12,950, and the following differential 
count polymorphonuclear neutrophils, 680 per cent , polymorphonuclear eosin- 
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Fig 7 — The eye of Rabbit 152 following the intravenous injection of the 
streptococcus isolated from the pulp and root tip of tooth indicated by arrow 
m Figure 6 

ophils, 2 04 per cent , polymorphonuclear basophils, 0 4 per cent , small mono- 
nuclears, 24 2 per cent , large mononuclears and transitionals, 54 per cent The 
urine showed albumin and numerous pus cells The Wassermann test was 
positive A dental radiograph showed an alveolar abscess around a root and 
one pulpless tooth Cultures shovved staphylococci and Sti sahvauus Four 
rabbits were injected with the broth cultures None of the animals showed eye 
lesions 

Case 6 — Acute glaucoma S W, a housewife, aged 46, had been having 
some pain m the right eye for three years In August, 1922, the pain became 
much more severe and the eye became red The condition had been diagnosed 
and treated as iritis 

When seen on Sept 12, 1922, the pupil of the right eye was dilated There 
was a mild pericorneal injection The intra-ocular pressure was 75 mm 
(McLean tonometer) Vision was 15/200 

Since the intra-ocular pressure had ceased to respond to eserme, an iridotomy 
was performed on Jan 17, 1923 When last seen, on March 22, 1923, the intra- 
ocular pressure was 39 mm No local treatment had been given since Jan 17 
1923 
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Examination of the right eye revealed ins pigment deposits on the anterior 
capsule of the crystalline lens and posterior synechiae The ins was slightly 
muddy in appearance The left eye was very much congested throughout the 
eyeball The cornea was steamy, and there were clusters of keratitis punctata 
deposits on the back of the cornea The vessels of the ins were large and 
could be well seen even through the murky medium of the anterior chamber 
The vision in the right eye was 15/15, in the left eye 15/100 

The general physical examination was negative The tonsils were small 
The blood count revealed red cells, 4,312,000, white cells, 8,150, and the fol- 
lowing differential count polymorphonuclear neutrophils, 58 0 per cent , poly- 
morphonuclear eosinophils, 44 per cent , polymorphonuclear basophils, 0 6 per 
cent , small mononuclears, 25 2 per cent , and large mononuclears and transi- 
tionals, 11 4 per cent The urine showed a trace of albumin, a few pus cells and 
granular casts The Wassermann test was negative The roentgenogram 
revealed only one pulpless tooth, the upper right molar, the mesial root of which 
showed an alveolar abscess A pure culture of Sh salivaiuis was obtained 
from the lingual root, the other roots were sterile 

On August 31, Rabbits 35 and 36 were inoculated intravenously with the 
broth culture The following day No 35 showed marked pericorneal injection 
and lacrymation The next morning it was dead No 36 showed moderate 
pericorneal injection seven days after inoculation On September 2, Rabbit 42 
was inoculated with 5 c c of a broth subculture of the original culture The 



Fig 6 — Tooth (indicated b}' arrow) from Case 12 The eye lesion shown 
in Figure 7 was produced by the intravenous injection of the streptococcus 
isolated from the pulp and root tip of the tooth The first attack of iritis 
followed the placing of the large filling 

next morning the animal was dead There was marked pericorneal injection of 
the right eye Necropsy was otherwise negative 

Case 4 — Uveitis foUozmng opciattoii foi secondaiy cataiact M V, a 
schoolgirl, aged 16, suffered from congenital cataracts which several years ago 
had been partly removed by needling, leaving a tough secondary membrane m 
each eye One secondary cataract was removed with a good result Six days 
after operation on the right eye m October, 1921, the patient had an attack 
of iridocyclitis , this developed into uveitis, which persisted until June, 1922 
The infection became quiet, but the eye remained small and soft, in a condition 
of phthisis bulbi 

A roentgenogram. Sept 1, 1922, showed alveolar abscesses around the roots 
of the upper and lower right first molars and the lower left first molars Cul- 
tures of the upper right molars showed Sti salivai ms and Sii nonhemolyticus I 
The other two teeth showed a profuse growth of Sfi nonhemolyticus I 

Rabbits 43 and 44 were inoculated. Sept 2, 1922, with the mixed broth 
cultures Rabbit 44 developed marked lacnmation and pericorneal injection, 
which gradually cleared up Necropsy on September 9 showed a few abscesses 
in the kidnejs and a purulent arthritis Rabbit 43 showed similar changes m 
the ej e and also some exudate in the anterior chamber This rabbit has been 


HADEN—BACTERJA FROM TEETH IN EYE 


843 


An examination of the light eye on May 20, 1922, dm mg a period of active 
infection showed posterioi synechiae, plastic exudates in anteiior chamber and 
a small hemoirhage at the periphery of the iris There was much pericorneal 
injection, deep and superficial The intra-ocular pressure was normal There 
was intense photophobia and lacnmation The left eye showed no active infec- 
tion, but posterior synechiae were oresent, indicating that there had been attacks 
of iritis m this e 3 ^e also 

A phj'sical examination, on Nov 21, 1922, revealed a well compensated aortic 
insufficiency The Wassermaim test and urine examination were negative A 
blood count revealed red cells, 4,142,000, white cells, 8,350, and the following 
differential count polymorphonuclear neutrophils, 682 per cent , polymorpho- 
nuclear eosinophils, 7 2 per cent , small mononuclears, 17 2 per cent , large mono- 
nuclears, 7 4 per cent A dental roentgenogram revealed nine pulpless teeth, only 
one of which showed a definite alveolar abscess (Fig 5) The root tip of the 
lower left first bicuspid showed an infinity of colonies of a green-producing 
streptococcus m the brain agar cultures The mixed broth cultures from this 
tooth and the upper left first bicuspid, however, produced no eye lesions in 
rabbits The four upper incisors were removed at one operation The upper 
right lateral was sterile even m broth, the left central and lateral showed Su 
salwanus and the central, Stt fecahs 

Two rabbits (Nos 95 and 96) inoculated with the mixed cultures developed 
a marked intis (Fig 2 d) At necropsy one showed cloudy fluid m the joints 



Fig 8 — Retouched photograph of the eye of Rabbit 68, twenty-five days 
after the intravenous injection of organisms from infected teeth m a case of 
iritis (Case 2) 

i 

with an abscess of the kidney The other had no lesion except that of the eyes 
The upper and lower right second molars showed a profuse growth of staphylo- 
cocci and streptococci Two rabbits inoculated with the mixed cultures devel- 
oped marked bilateral circumcorneal injection, with a purulent arthritis and 
abscesses in the kidney, voluntary muscle, and heart 

Case 9 — Eptsclei itis J W , a housewife, aged 31, had had “blood poisoning” 
in 1914 following childbirth The appendix had been removed in 1908, and the 
tonsils m 1922 Her general health was good She said that the eye trouble 
had begun three months previously, with itching of right eye Iid and redness 
of the eye The symptoms had disappeared under treatment, but had returned 
one week before On examination the patient was found to be m an excellent 
state of nutrition The heart, lungs and abdomen were negative There were 
marked swelling and redness of the right lower lid, with circumcorneal injec- 
tion and injection of the sclera of the right eye Blood examination revealed 
red cells, 4,000,000, white cells, 9,500, and the following differential count polj'- 
morphonuclear neutrophils, 516 per cent, polymorphonuclear eosinophils, 2 8 
per cent , small mononuclears, 42 8 per cent , and large mononuclears, 2 8 per 
cent The urine showed no albumin, sugar, pus or casts The Wassermann 
test was not performed The roentgenogram showed the upper right second 
bicuspid to be pulpless with no canal filling The vitality of the adjacent molar 
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The general physical examination on Sept 22, 1923, was negative The 
urine showed a few pus cells The Wassermann test was negative The blood 
count revealed red cells, 4,150,000, white cells, 9,550, and the following differ- 
ential count polymorphonuclear neutrophils, 56 per cent , polymorphonuclear 
eosinophils, 2 6 per cent , polymorphonuclear basophils, 1 4 per cent , small 
mononuclears, 35 2 per cent , large mononuclears and transitionals, 4 8 per 
cent A roentgenogram showed one alveolar abscess and two other pulpless 
teeth without apparent infection Cultures of the extracted teeth showed 
Staphylococcus ameus and streptococci 

On September 14, Rabbits 57 and 58 were inoculated with the mixed cultures 
On September 15, Rabbit 57 showed bilateral circumcorneal injection with exu- 
date on the ins The animal was killed No other lesions were found Rabbit 
46 developed moderate pericorneal injection, which gradually disappeared At 
necropsy, only a purulent arthritis was found 

Case 7 — Glaucoma, recunent iiitis, high myopia E B, a housewife, aged 
46, had had several hemorrhages from the stomach in 1902 She complained of 
nycturia and frequent micturition during the day She began to have pain in 
left eye four years before An operation was performed on the left eye for 
glaucoma one year later She gradually lost vision m the right eye An 

operation for glaucoma was performed on the right eye, June, 1922 She had had 
an acute attack of iritis in the left eye for a week before presenting herself 
The right eye showed past iritis by the presence of an organized pupillary 
membrane which was not attached to the lens and which, when the pupil was 
contracted, would stretch out and impede the light This was of long standing 
Intra-ocular pressure was reduced to normal by iridotomy operation In Sep- 
tember, 1922, during the attack of intis, there were some dots of keratitis 
punctata and pericorneal injection m the left eye 

The general physical examination was negative Her tonsils were small, 
without apparent infection Blood examination revealed red cells, 4,020,000 
white cells, 10,500, and a differential count, polymorphonuclear neutrophils, 
73 4 per cent , polymorphonuclear eosinophils, 2 6 per cent , small mononuclears, 
178 per cent , large mononuclears, 6 2 per cent Urine examination and the 
Wassermann test were negative A roentgenogram showed nine pulpless teeth, 
two of which showed definite alveolar abscesses The teeth were extracted in 
four groups 

One of two rabbits injected on Sept 15, 1922, with the mixed cultures from 
the upper right and left central incisors developed iritis No eye lesions were 
produced by the mixed cultures from the upper right second bicuspid and the 
first and second molars Two rabbits (Nos 69 and 70) developed iritis after 
the intravenous injection of the mixed cultures from the lower right second 
bicuspid and first molar Rabbit 70 also developed meningitis Cultures from 
the anterior chamber of the eye showed many colonies of streptococci and a few 
colonies of staphylococci Rabbits 71 and 72 were injected with the cultures 
recovered from the eye of Rabbit 70 Both developed iritis and died the follow- 
ing day Rabbits 74 and 75 injected with the cultures from the left lower first 
bicuspid and the second molar, also developed iritis One died the following 
day , the other was kept for three weeks, when it showed marked bulging of 
both eyes with pericorneal injection Rabbits 85 and 86 injected with a culture 
from the root tip of a tooth with a dying pulp developed acute iritis and 
meningitis 

Case 8 Recut i ent vitis E O M, a clerk, aged 32, had had the first attack 
of iritis in 1905 and the second in 1909 Following this he had had frequent 
attacks at intervals of about one year During the past two 3 ’'ears he had suf- 
fered from iritis almost continuously in a subacute form The patient said that 
the most severe attack he had ever had occurred while some dental work was 
being done He had been confined to bed for four months m 1920 with 
rheumatism 
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Two rabbits injected from three of the extracted teeth developed no eye 
lesions The lower left central and lateral incisors showed Sit fecalis m pure 
culture Rabbits 134 and 139 were inoculated with these mixed cultures 
Rabbit 134 developed an iritis of one eye which gradually cleared up Necropsy 
revealed only a purulent arthritis Rabbit 139 developed a marked bilateral 
pericorneal injection, which continued until the animal was killed ten days 
later The only necropsy finding was cloudy fluid in the joints 

The patient had a complete recovery with vision 13/lS He was given sub- 
cutaneous injections of milk also, so it is difficult to determine just what effect 
the extraction of the teeth had 

Case 12 — Uveitis Mrs F T, a housewife, aged 43, had had typhoid fever 
in 1914 and rheumatism during the past year Her eye trouble began m 1912, 
with a severe attack of iritis with almost complete loss of vision in the left eye 



Fig 9 — Portion of ins and ciliary body of eye of Rabbit 95 (Fig 2 d) 

A second attack occurred in 1916 She had no further trouble until December, 
1922, when intis again occurred in the left eye, followed by another attack in 
January, 1923 When first seen on March 1, 1923, there was no light per- 
ception, and the eye showed that the whole uveal tract had been involved The 
patient said that a large filling had been placed in the right lower first molar 
in 1912 The tooth became very painful The filling was removed to “let the 
gas out” and replaced The first attack of iritis developed soon after the 
tooth trouble An examination of the right eye showed no light perception, 
posterior synechiae, without active infection The vision in the left eye was 
20/20 There were posterior synechiae, but no inflammation 

The patient was undernourished The tonsils were small The general 
physical examination was otherwise negative Blood count revealed red 
cells, 4,300,000, white cells, 8,700, and the following differential count 
polymorphonuclear neutrophils, 664 per cent , polymorphonuclear eosinophils, 
2 6 per cent , polymorphonuclear basophils, 0 8 per cent , small mononu- 



844 


ARCHIVES OF INTERNAL MEDICINE 


was qviestionabk These two teeth were extracted The bicuspid showed a 
profuse growth of staphylococci and Str fecalis The molar also showed 
streptococci and staphylococci / 

Rabbits 87 and 88 inoculated with the mixed cultures died forty-eight hours 
later Rabbit 87 showed a marked hemorrhagic intis with fluid in the anterior 
chamber (Fig 2 c) and multiple small abscesses m the kidneys Rabbit 88 
showed a few hemorrhages in the ins and sclera and kidney abscesses 

Case 10 — Monocular acute conjtmcitvitts with corneal abscesses, intis J P, 
a clerk, aged 60, had been blind for three years There had been no pain or 
inflammation, but vision had been very dim and gradually became worse eight 
years previous to this time 

Examination on Nov 10, 1921, showed a fully developed cataract in the right 
eye, with good light projection There was a partly absorbed cataract, with 
calcification m the left eye This was removed, and the eye went on to perfect 
healing with a vision of 15/30 The right eye was operated on without compli- 
cation except that it remained red longer than the usual time In six weeks it 
had become quiet Vision after injection was 10/30 On Nov 22, 1923, the 
right eye was very painful and red, with much pus in the conjunctival sac 
There were numerous small grayish ulcers in the cornea, superficial and gray 
striations in the posterior layers, with a slightly congested ins There ivere 
also small grayish abscesses in the corneal tissue For days later there was 
exudate in the anterior chamber The conjunctivitis probably followed the 
breaking of a small corneal abscess and might have come from within 

The general examination, on Nov 25, 1922, was negative The blood count 
revealed red cells, 4,140,000, white cells, 10,200, and the following differential 
count polymorphonuclear neutrophils, 65 0 per cent , polymorphonuclear eosin- 
ophils, 2 4 per cent , polymorphonuclear basophils, 0 8 per cent , small mono- 
nuclears, 23 4 per cent , large mononuclears, 8 4 per cent The urine showed 
a trace of albumin and sugar The Wassermann test was negative The dental 
roentgenogram showed one broken tooth with bone destruction around the 
root end Seven other teeth showed extensive pyorrhea 

Two rabbits were inoculated on Nov 26, 1922, with the maxed culture from 
four of the extracted teeth On November 27, Rabbit 104 had developed a 
marked pericorneal injection of the right eye, which persisted until the animal 
was killed four days later Necropsy revealed endocardial vegetations, kidney 
abscesses and purulent arthritis Rabbit 105 developed a slight injection of the 
right eye, with similar necropsy findings Rabbits 101 and 102 were inoculated 
with the mixed cultures from the remaining extracted teeth Rabbit 101 devel- 
oped a hemorrhagic iritis, and the other a marked circumcorneal injection of 
one eye Both animals showed abscesses of the kidneys and a purulent arthritis 
at necrops}’^ 

Case 11 — Ulcciatton of coinea S K, a farmer, aged 62, had suffered from 
rheumatism at intervals for thirty years He had also had “lumbago” at times 
His present trouble began on Aug 1, 1922, with pain and redness of the right 
eye, which his physician thought was due to an iritis At the same time he 
had an eruption on the right side of the face and body' The ej'e improved 
under treatment, but the symptoms returned later and have persisted Exami- 
nation of the right eye showed an ulcer in the superficial layers of the cornea 
in the center of the pupil There is no sign of iritis at present There was 
much pus in the meibomian glands and thickening of the lids Vision was 
15/200 The tonsils were small The general physical examination was nega- 
tive Blood count revealed red cells, 4,144,000, white cells, 9,550, and the 
following differential count polymorphonuclear neutrophils, 72 2 per cent , 
polymorphonuclear eosinophils, 3 8 per cent , polymorphonuclear basophils, 1 2 
per cent , small mononuclears, 19 2 per cent , and large mononuclears, 3 6 per 
cent The urine contained no albumin or sugar The Wassermann test was 
anticomplementary The dental roentgenogram showed multiple pulpless and 
infected teeth 
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5,824.000 red cells, 7,900 white cells, hemoglobin 116 per cent, and the following 
diffei ential count polymorphonucleai neutrophils, 63 2 per cent , polymorphonu- 
clear eosinophils, 2 per cent , polymorphonuclear basophils, 02 per cent , small 
mononuclears, 310 per cent, and laige mononuclears, 5 6 per cent The roent- 
genogram showed oiilj'- one pulpless tooth which had a large cavity and an 
alveolar abscess A cultuie of the root tip showed a staphylococcus and Stf 
salivai IKS The organisms grew only neai the bottom of the culture tube 

Rabbits 176 and 177 were inoculated with the cultures of root tips and 
curettings on March 3, 1923 Rabbit 176 showed pericorneal injection, which 
giadually increased in intensity At necropsy on April 10, only a purulent 
arthritis was found Rabbit 177 developed no eye lesions and showed only a 
healing aithritis at necropsy Rabbits 178 and 179 were injected on March 3, 
with the cultures from the curettings of the tooth socket only Three hours after 



Fig 11 — Eye showing marked infiltration of choroid 


inoculation both animals showed an extreme pericorneal injection Rabbit 178 
continued to have a moderate pericorneal injection, and as late as May 3 had 
an acute attack of iritis Rabbit 179 was killed twenty-five days after inocu- 
lation and showed only a healing arthritis 

Case 14 — Acute iittts with aithutis E E, a housewife, aged 38, said that 
her present trouble had begun two weeks previously with pain in most of the 
large joints There was no swelling or redness One week before she noticed 
an eruption on the forearms and back of the neck, beginning as red macules 
which gradually spread as thej*^ cleared in the center For several days her 
eyes had been red The patient was much undernourished The skin eruption 
appeared to be an erythema multiforme Her tonsils were small The sub- 
mental glands were large and painful on pressure There was some excess fluid 
in the right knee The larger joints were painful on motion The left eye 
presented the picture of a mild iritis The blood count showed red cells, 
3,056,000, white cells, 10,750, and the following differential count poljTOorpho- 
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clears, 28 2 per cent, and large mononuclears, 2 0 per cent All the upper 
teeth had been extracted A roentgenogram showed no apparent bone 
infection in the upper jaw There were no pulpless teeth in the lower jaw 
The right lower first molar had a large silver filling, was tipped forward, and 
had a pocket around it (Fig 6) The tooth responded, however, to tests for 
vitality This tooth w'as extracted On opening the pulp chamber under sterile 
precautions it was found that the pulp chamber had been encroached on by 
secondary dentine formation The nerve w'as injected and edematous and 
showed a pure culture of St) The same organism was obtained in the 

culture of the root tips Rabbits 152 and 153 were inoculated with the mixed 
cultures from the pulp and root tip on Feb 2, 1923 Rabbit 152 developed an 
extreme pericorneal injection which was less marked the following day. On 
February 7, the circumcorneal injection had returned in the right eye There 



Fig 10 — Ins show'ing area of small round cell infiltration 


w'ere multiple hemorrhages in the ins and cloudy fluid in the anterior chamber 
(Fig 7) Necropsy revealed also abscesses of the kidneys, white streaks m 
the muscles and a purulent arthritis Rabbit 153 showed only cloudj' fluid m 
the loints 

^ Case 13 Iridocyclitis, uveitis, hyahtis J R, a salesman, aged 22 had a 
nervous breakdown in October 1922 He had never been ill before In 
December, 1922, he noticed that the vision in the right eye was blurred The 
condition improved, but the dimness of vision recurred and had grown steadily 
w orse The patient could recognize hand movements at 0 5 meter The eye 
ivas a little softer than usual The back of the cornea ivas almost covered with 
small round dots of exudate (keratitis punctata) The eyeball was moderately 
red and the pupil round, but there were some posterior sjmechiae The 
Mtreous was one mass of floating opacities The patient was w'ell nourished 
The tonsils w'ere large, but no free pus could be expressed The general 
ph^ sical examination w'as otherwise negative The blood count showed 
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suffered from stiffness m the right knee and frequent attacks of redness of the 
right e 3 'e, lasting from one to three days The patient was in an excellent 
state of nutrition There was moderate pericorneal redness of the right eye 
The tonsils were small The blood count showed 7,700 white corpuscles, and the 
following differential count polymorphonuclear neutrophils, 73 0 per cent , poly- 
morphonuclear eosinophils, 1 0 per cent , polymorphonuclear basophils, 0 4 per 
cent , small mononuclears, 20 6 per cent , large mononuclears, 5 0 per cent There 
was a trace of albumin and numerous pus cells m the urine The Wassermann 
test was negative A roentgenogram showed marked pyorrhea around the lower 
first molar with interradial bone absorption The tooth contained a large filling 
St] iintis was recovered from the root tips and a green-producing streptococcus 
from the pulp m pure culture Rabbits 164 and 173 were inoculated with the 
streptococcus recovered from the pulp Both animals developed a pericorneal 
injection and at necropsj^ showed many white streaks in the muscles and a 
purulent arthritis The two animals inoculated with the cultures from the 
root tip developed no eye lesions Many abscesses m muscles and kidneys were 
found at necropsj' 

The patient’s joint and eye symptoms disappeared quickly after the extraction 
and have not recurred 
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nuclear neutrophils, 70 4 per cent , polymorphonuclear eosinophils, 1 4 per cent , 
polymorphonuclear basophils, 0 8 per cent , small mononuclears, 194 per cent, 
and large mononuclears 8 0 per cent The urine contained a trace of albumin 
but no sugar, pus or casts The Wassermann test was negative A roent- 
genogram revealed fifteen pulpless teeth, several of which showed alveolar 
abscesses Rabbits 190 and 193 were inoculated on March 28, 1923, with the 
mixed cultures from six extracted teeth Both developed extreme pericorneal 
injection within a few hours Rabbit 190 was killed on April 4, and showed 
purulent fluid in the joints, endocardial vegetation and a few kidney abscesses 
The pericorneal injection in Rabbit 193 had disappeared the day following the 



Fig 12 Vitreous of eye shown in Figure 2 c Note the infiltration of 
cells in the vitreous humor 


inoculation It was again present on March 3, when the animal was killed A 
pure culture of a green-producing streptococcus was recovered from the ins 
A meningitis and purulent arthritis were also present Four other animals 
were inoculated with cultures from other teeth Two developed iritis, and all 
showed a purulent arthritis at necropsj' 

Following the extraction of the first teeth the patient had an exacerbation 
of the arthritis The iritis and skin eruptions disappeared within a few days 
The arthritis had cleared entirely within four weeks 

Case 15 Rcciti i ent vitis zvith aitluiUs L S L, a housewife, aged 47, had 
alwajs enjoyed excellent health until recently During the past year she had 
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individual cages These cages were located in an unheated shed which pro- 
tected the animals from wind and ram but which afforded them ample sunshine 
and ventilation The date of birth of many of the rabbits was known and we 
were thus able to determine whether age played a part m the causation of the 
lesions 

The first gioup, consisting of eight animals to which the diet 
containing meat was fed, weie bi ought to the laboratoiy when half 
giown Foi the next two months they were fed the stock laboratory 
diets At the end of this period they appeared to be in excellent 
condition and in no case did the urine contain albumin They then 
began to eat the expeiimental diet containing one part of the dried 
beef to two parts of the flour On June 4, 1919, one week aftei the 
beginning of the experiment, the urines of five of the rabbits were 
examined Three were alkaline, two neutral, and all gave definite 
reactions for albumin The sediments contained no abnoi malities On 
June 17 , a few hyaline and granular casts were found m some of the 
specimens examined By July 9, six weeks after the beginning of 
the expeiiment, both albumin and casts were found in the urine of 
every rabbit in the group 

Evidence was thus obtained which indicated that the ingestion of 
a meat containing diet by rabbits will lesult, within a few weeks, in 
an abnormal state of the kidneys 

One of the eight rabbits lived five months, and two of them lived 
seven months on the diet 

The first of these rabbits was found on Oct 15, 1919, lying on 
Its side and was unable to maintain the standing position No twitching 
was observed, and the breathing was normal It weighed 2,090 gm 
It was killed by a blow on the head, and necropsy immediately 
performed The bladder urine was slightly acid to litmus, had a 
specific gravity of 1,020, contained 0 7 per cent albumin (Esbach), 
and the sediment showed many granular and hyaline casts but no 
leukocytes or red blood corpuscles The kidneys weighed 25 5 gm , ® 
the surface was smooth and dark red The cut surface was dark, 
congested and ‘‘glassy,” with a few white streaks m the cortex The 
aorta showed extensive atherosclerosis The liver was firmer than 
normal and on section gave the appearance of cirrhosis The remainder 
of the organs weie grossly normal Nothing suggesting infection as 
a cause of death was seen 

The second of these three rabbits developed an increasing indif- 
ference to his surroundings during the few days preceding his death, 
accompanied by a gradual loss of appetite On Jan 6, 1920, he 
refused food entirel}^ He weighed 2,310 gm He was killed by 
bleeding The bladder urine showed a well marked albuminuria and 
numerous granular and hyaline casts but no leukocytes or red blood 


3 The kidneys of norinal adult rabbits weigh from S to 6 gm per kilogram 



RENAL INJURY PRODUCED IN RABBITS BY 
DIETS CONTAINING MEAT >- 


L H NEWBURGH, MD 

AND 

SARAH CLARKSON, MS 

ANN ARBOR, MICH 

In a recent communication ^ we described the atherosclerosis which 
IS produced in rabbits that are fed diets rich in meat proteins The 
kidneys of the same rabbits presented abnormalities which form the 
subject of this paper 

The composition of the diets and the selection and care of the 
animals was described in the previous paper in the following words 

The animals were fed diets containing two different concentrations of 
protein Lean beef muscle mechanically freed of fat and then dried and 
powdered" was the chief source of protein Ordinary white bread flour 
mixed in equal parts with bran, supplied carbohydrate and roughage The 
first diet was made by stirring together 1,000 gm of the powdered beef, 2,000 
gm of the flour, bran mixtures , 20 gm sodium chlond , 50 gm baking powder 
and enough water to produce a stiff dough The latter was then spread thickly 
in oiled pans and baked in an oven at about 180 C until a dark brown crust 
had formed 

The second diet contained 500 grams of powdered beef, 2,000 gm of the 
flour-bran mixture, 20 gm of sodium chlond and 50 grams of baking power 
It was prepared for feeding in the same way as the first diet 

An analysis for nitrogen, by the Kjeldahl method, of the powdered beef 
and of the two diets, gave the following values 

100 gm dried powdered beef = 13 0 gm N 

100 gm first diet = 5 8 gm N 

100 gm second diet z= 4 3 gm N 

Multiplying these nitrogen figures by 6 25 gives the following protein 

content 

Dried powdered beef = 81 2% Protein 

First diet = 362% Protein 

Second diet =: 26 8% Protein 

In addition to this food, the rabbits were each allowed about 100 gm of 
greens once a week 

The animals were obtained from fanciers who had taken special pains to 
raise them in clean, light, well ventilated pens During the feeding experi- 
ments they lived in pens which had previousl}'’ been made scrupulously clean 
and which were kept clean thereafter Some of the rabbits were housed 
together in small groups Many others lived throughout the experiment m 


From the Department of Internal Medicine, University of Michigan 
Medical School 

1 Newburgh and Clarkson The Production of Atherosclerosis in Rabbits 
bv Feeding Diets Rich in Meat Arch Int Med 31 653 (May) 1923 

2 This material was obtained from the Digestive Ferments Co , Detroit 
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This feeding expeiiinent, performed in 1919 with a diet containing 
36 per cent of protein, was repeated in 1922 The results obtained 
in the earlier series were confirmed by the data from the later group 
of labbits Figures 2, 3, and 4 are photomicrographs of the kidney 
of one of these rabbits (No 140) of the 1922 group that lived on 
the diet for twenty-seven weeks 

NEPHROPATHY OF RABBITS WHOSE DIET CONTAINED 27 PER 

CENT OF PROTEIN 

The nephropathy described above occurred in rabbits that had been 
eating a diet with a protein content of about 36 per cent It was 



Fig 2 — Subcapsular portion of cortex of a rabbit that had eaten a diet 
containing 36 per cent of protein for about six months Dilatation of tubules 
and flattening of their lining membrane is well marked but not so extreme 
as that shown in Figure 1 The glomeruli are normal and fibrosis is absent 
Casts are numerous 

accordingly of interest to study the kidneys of rabbits whose food 
contained less protein A large number of animals whose diet 
contained 27 per cent of piotein were available for this purpose 
These animals may be divided into two lots — Group A containing the 
labbits that lived on the diet less than twenty-four weeks and whose 
kidneys m no case showed chronic lesions attributable to the diet , and 
Group B, consisting of animals that took the diet from twenty-foui 
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cells The kidneys weighed 22 gm , but presented no definite abnormali- 
ties to the unaided eye The aorta showed extensive atherosclerosis 
The remainder of the organs appeared to be normal, and no evidence 
of infection was seen 

The third rabbit, on Dec 24, 1919, was limp, trembling, dyspneic 
and unable to maintain the erect position He weighed 2,380 gm He 
was killed by a blow on the head The bladder urine was dark, 
contained a large amount of albumin, many hyaline, granular and 
cellular casts, but no leukocytes or red blood cells The kidneys 
weighed 32 5 gm , and were dark brownish red The capsule stripped 



Fig 1 — Midcortical portion of the kidney of a rabbit that had eaten a diet 
containing 36 per cent of protein for seven months The tubules are greatly 
dilated and their lining epithelium is much flattened The glomerulus is 
apparently normal No fibrosis is to be seen Casts are numerous 

easily, leaving a smooth surface On section, the organ dripped blood 
The cortex protruded above the general surface, was “glassy” and 
piesented many minute hemorrhagic points and streaks The aorta 
showed extensive atherosclerosis The liver was firmer than normal 
and on section presented the mai kings suggestive of cirrhosis The 
othei organs w^ere normal, and no evidence of infection was noted 
These gross evidences of disease of the kidneys w’^ere confirmed by 
microscopic examination Figure 1 is a photomicrograph of a section 
from the kidney of the third rabbit 
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G)oup B — This giotip contained twelve animals The kidneys of 
nine of them showed extensive chionic lesions, most marked in the 
cortical portion of the tubules The micioscopic pictiiie presented by 
these kidneys closely lesembled that aheady described (Figs 1, 2, 3 
and 4) foi the animals that had lived from five to seven months on a 
diet containing 36 pei cent of protein 

In both giotips the nephropathy was notable for its diftuse chai- 
acter The dilatation and atiophy of the tubules fiequently extended 
with varying degrees of intensity across the whole section, or, in a 



Fig 4 — Still higher magnification of a portion of the field seen in Figure 2, 
showing the presence of red blood corpuscles in the lumina of the tubules, 
and the flattening, granulation, vacuoliration and desquamation of the tubular 
epithelium 

few instances, was bioken up into broad irregular patches separated 
by a few tubules whose cells weie only slightly or not at all atrophied 
Nowhere were the cells of the tubules noimal The glomeruli showed 
no injury or minor degiees of injury and were not scarred The 
dilated tubules were not embedded in fibrous tissue, nor was there 
any geneial mciease in fibious tissue The disease, fiom the histologic 
point of view, appealed to be lestncted to the lining cells of the tubules 
In labbits that had eaten the diet only a few weeks, these cells showed 
the well-known picture of acute and subacute degeneration The renal 
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to fifty-nine weeks, in 75 per cent of which chronic lenal lesions 
weie seen 

Gi onp A — There were thirty-three animals in this group Nine 
of them died of pneumonia early in the experiment In the remainder 
the only gross abnormality regularly revealed by necropsy was the 
presence of kidneys which were considerably laiger than normal In 
every instance in which bladder urine was obtained at necropsy there 
existed a marked albuminuria, and many casts were found in the 



Fig 3 — Higher magnification of a portion of the field seen in Figure 2 to 
show in particular the character of the casts 


sediment The microscopic examination of the kidneys of the animals 
in which no pneumonia was found regularly disclosed varying degrees 
of acute parenchymatous injury The cells of the convoluted tubules 
appeared to have suffered most In some cases the lumina of the 
tubules were closed by the swelling of the cells Extensive desquama- 
tion, vacuolization and granular degeneration were seen in the con- 
voluted tubules of most of the kidneys Casts were always a prominent 
feature, and sometimes they were numerous Minor changes in the 
glomeruli were sometimes noted, but no true acute glomeruhtis 
was seen 
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IS indented b)^ bluish stellate scars and deep pits or grooves The 
number of these depressions is highly variable Under the microscope 
these pits are seen to be the outer surface of a band of contraction, 
consisting of a stiip of fibrous tissue in which are found one or several 
more or less completely scarred glomeruli and several atrophied tubules 
These lesions are always definitel)^ focal in character, occurring as 
sharply circumscribed bands extending from the capsule, through the 
cortex deep into the medulla The glomeruli and tubules beyond the 
band are usually normal, and both atrophy and scarring are restricted 
to the band 



Fig 6 — Lower cortical portion of the kidney of a rabbit that had eaten 
a diet containing 27 per cent of protein for eight months Here again the 
widespread dilatation of tubules is the characteristic abnormality 


KIDNEY LESIONS IN RABBITS LIVING ON A STOCK DIET 

In order to control our work properly, it was necessary to 
determine how often such lesions were found in rabbits that lived 
in the laboratory for many months on a stock diet, and whether such 
lesions m control rabbits ever were widespread and diffuse, that is, 
whether the diffuse tubulai disease seen in the kidneys of the Group B 
rabbits could have been caused by conditions resulting from prolonged 
residence in the laboratoiy in the absence of the meat diets 
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tubules of rabbits that had lived on the diet for months showed much 
desquamation and a lining membrane whose cells had undergone vary- 
ing degiees of flattening, finally being changed into pavement epithe- 
lium In some tubules the lining membrane had entirely disappeared 
This progressive atrophy of the renal tubules was unattended by 
any significant changes in the glomeruli or blood vessels or interstital 
tissue that could be recognized by means of the microscope 

Figures 5 and 6 are photomicrographs of the kidneys of two of 
these rabbits (Nos 67 and 118) that had been on the diet six and 
one half and eight months, respectively 



Fig 5 — Cortical portion of the kidney of a rabbit that had eaten a diet 
containing 27 per cent of protein for six and one half months In general, 
the changes closely resemble those seen in Figure 1 There is the same wide- 
spread dilatation of tubules without fibrosis or scarring of glomeruli 

The kidneys of three of the rabbits m Group B that had been on 
the diet as long as any of the group did not show these chronic tubular 
changes This brings up the question whether the tubular dilatation 
and atrophy found in 75 per cent of the kidneys was caused by the 
diet It is well known to laboratory workers that the kidneys of 
untreated rabbits are frequently abnormal If one inspects carefully 
the kidneys of laboratory rabbits, one will find many whose surface 
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absence of such lesions in other parts of the field There is a striking 
difference between the pathologic process in this kidney and that found 
in the meat eating rabbits (Figs 1 to 7) 

The contrast between the diffuse character of the tubular dilatation, 
the absence of glomerulitis and the absence of scar tissue in the kidneys 
of the meat fed animals, when compared with the focal tubular 
dilatation, the presence of scarred glomeruli and of bands of fibrous 
tissue seen in the controls, is so great as to make it certain that the 



Fig 7 — Higher magnification of a portion of the field seen in Figure 5 to 
show the changes in the lining membrane of the tubules Some of the tubules 
which show the greatest dilatation appear to have lost their parenchymatous 
cells 

nephropathy found m the kidneys of at least the majority of the meat 
eating rabbits was a product of the diet 

Table 2 contains brief notes about all the rabbits that lived on the 
meat containing diets for twenty-foui or more weeks — sixteen rabbits 
m all The lenal tubules of twelve of them showed atrophy In nine 
(B3, A4, 140, 61, 67, 88, 77, 78 and 118) of these twelve rabbits, 
the histologic picture piesented by the kidney was such that it could 
not easily be confused with the scarring and atrophy occasionally 
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For this purpose nineteen rabbits were set aside in a stock cage 
and given the ordinary laboratory care and food No attempt was 
made to protect these animals fiom infection, on the contiary, we tried 
to emphasize the effect of the usual laboratory infections on the kidneys 
by leaving infected rabbits in the pen instead of removing them and 
isolating them according to our usual procedure Several of the 
animals died of pneumonia within the first few weeks Many of 
the others acquired “snuffles” eaily in the expeiiment Three of the 
animals had received intravenous injections of bacteria for the purpose 

Table 1 — Data Fiom Thirteen Conti ol Rabbits that Lived 
Sir Months oi Moie 


Weight Kidney 


Dura rt Ke , 
tion, eropsy, 


No 

Weeks 

Gm 

1 

25 

1,670 

5 

26 

1200 

12 

45 

1,010 

37 

50 

1 450 

52 

57 

2 650 

68 X 

40 

870 

71 

64 

3,000 


74 

20 

940 

81 

30 

1,690 
1 380 

83 

51 

84 

40 

1,110 

86 

22 

1 370 

A X 

58 

1 727 


reigli 

t. Gross 
Appear ince 

Gm 

8 

11 

No seals 

13 

Very few 
small scars 

13 

Many scars 

13 

No scars 

10 

No scars 

13 

Manj deep 
sears 

9 

Very few 
se irs 

15 

No sens 

13 

Manj sc ir» 

11 

No scars 

13 

No scars 


10 


Microseopic 

rxamination 

No ibnorm ihtics 
No abnornnlities 

Seattered small 
are is ol round cell 
inflitr ition 
No ibnorimlitics 

No nbnornnhties 

One band ol at 
rophy and fibrosis, 
c ists in tins b u>d 
othemise no 
abnormalities 
No abnormalities 

No abnormalities 
Few casts, other 
wise normal 

No abnormalities 


Few small areas ol 
moderate dilata 
tion ol tubules 


Notes 

Severe diarrhea 
Purulent bronchopneumonia, 
empjema 


Broncliopneumonia, petechiil 
hemorrhages ol liter mmge 
Prolonged snuffles great 
eniaci ition 
Set ere nnnge 


Xmaciation 


Si\ intravenous injections ol 
Streptococcus hemoljticus, 
m inge emaciation 
Si\ intratenous injestions ol 
diphtheria bacilli mange 
emaci ition 

Six intravenous injections ol 
Killed tjphoid bacilli, six in 
trat cnous injections Strep 
tococcus hemoljticus, case- 
ous pneumonia, synechia 
cordis 


of producing immune serums several months before the}'^ were set 
aside as controls The group as a whole was undernourished and 
listless Skin diseases became prevalent, and in some cases resulted 
in suppuration All but one of the animals eventually died of infection 
Thirteen of the rabbits lived six months or longer, but unfortunately 
the kidneys of two of them were lost through a technical error 

Table 1 presents the significant data in regard to these thirteen 
animals It will be seen that scarring of the surface of the kidney 
was fairly common, but the microscope showed dilatation of tubules 
in only one case The photomicrograph of this kidney (Fig 8) 
demonstrates the sharply focal character of this lesion and the entiie 



Tabu: 2 — Data Fi oin Stilcot Rabbtts Fed a Meat-Coniaviing Diet 
foi Moie Than Six Months 


Pour Rabbits Wbose Diet Contained 36 per Cent Drotcin 



Dura- 

tion, 

Weight 

«■*- XTix 


Kidney 

K . . . 


cropsy Weight, 

\ 

Gross 

No 

Weeks 

Gm 

Gm 

Appearance 

B S 

SO 

2,870 

22 

Coarsely granular 
surface no 
deep pits 

A4 

30 

2,3S0 

32 

Suifaco smooth, 
no scars 

13S* 

34 

3,320 

20 

Dew old scars 

140 

27 

2,650 

28 

Occasional small 
scars 


Micioscopic Pxnmination 
Great atropliy and dilatation ot tubules, 
widespread and not related to tbe 
small patches ol fibrosis, many casts 
Great atrophy and dilatation of tubules 
uniformly distributed, few small areas 
of fibrosis, many easts 
Many areas of round cell infiltration, 
no chronic changes 

Diffuse tubular atrophy throughout cor 
te\, intense parenchymatous injury, 
many casts 


'Ihrclyo Rabbits 'Wiiosc Diet Contained 27 per Cent Protein 


20 

44 

2,170 

22 

Some stellate scars 

27 

41 

1,930 

23 

Many iiicgular de 
pressed scais, a 
number of narroyy 
yellow streaks 
extend from 
capsule to 
medulla 

GO 

69 

2,000 

15 

A number of iricg- 
ular purple scars 

G1 

32 

2,000 

30 

A few small scars 

07 

28 

1,750 

29 

A few scars 

88 

y 

20 

1,080 

10 

Many pitted scars 
on section, many 
pale yellow 
bands seen 
in medulla 

77 

20 

1,477 

22 

Dew deep scars 

78 

24 

1,000 

22 

No scars 

1''0 

61 

3,270 

23 

Numerous scars 

108 

49 

3,630 

21 

A few small scars 

100 

40 

2,600 

22 

Many old scars 
producing 
coarsely 
granular 
surface 

118 

36 

1,880 

21 

Scattered, small 
scars 


Irregular areas of round cell infiltration, 
bands and patelics of contraction and 
atrophy, no broad areas of tubular 
atropliy 

Sever il b inds, each consisting of scarred 
glomeruli and dilated tubules embed 
ded in fibrous tissue, in lower cortex 
most ot the tubules show extreme 
atrophy, the lumina of the remaining 
tubules are elosed by greatly swollen 
vacuolated cells whose protoplasm is 
granular and whose nuclei arc picnotic, 
many casts 

No cliromc changes scattered casts 

No bands of scarring, no scarred glom 
eruli, uniform high grade dilatation 
and atropliy of tubules, except m outer- 
most portion of cortex where the cells 
arc swollen and granular, many arc 
vacuolated, many casts 

No bands of contraction, uniform 
inarhcd dilatation and atrophy of tu 
bulcs, glomeruli show no changes, 
much swelling and desquamation of 
tubular epithelium, many casts 

Two small cortical bands of contraction, 
most of the tubules in the lower cortex 
show moderate atrophy and dilate 
tion, signs of acute parenchymatous 
injury not marked 

No bands of contraction, the tubules of 
lower cortex show nearly uniform dila- 
tation and atrophy, in the upper cor 
tex are a few small patches of tubular 
dilatation, most of the remaining 
tubules are occluded by the swelling of 
cells, many casts 

No bands of contraction, the tubules in 
the lower half of cortex are uniformly 
dilated and atrophied, in the upper 
cortex arc groups of dilated tubules 
surrounded by tubules whose lumina 
are closed by the swelling of the cells, 
many casts 

Sovcral bands of contraction, no tubular 
atrophy, the cells of the tubules of 
lower cortex show marked Injury 

No chronic changes 

The outermost portion ot the cortex is 
almost changed to fibrous tissue from 
which a number of irregular bands run 
dorvn toward the medulla, m the lower 
cortex, patches of fibrous tissue are 
seen, there is irregular scarring of 
glomeruli and patchy atrophy of tu 
bulcs none of these changes can witli 
certainty be attributed to the diet 

Marked uniform atrophy and dilatation 
of tubules of lower cortex, in the 
upper cortex, some tubules are atro- 
phied, the others are lined with gran 
ular vacuolated cells, some of whole 
nuclei do not stain, many casts 


Animal accidentally killed while withdrawing blood from heart 
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found in untreated animals In the remaining three of these twelve 
rabbits, the nephropathy appeared to be at least in part attributable 
to conditions unrelated to the diet, and it was impossible to determine 
how much was caused by the diet and how much was “spontaneous ” 
The profound effect of the diet on the state of the tubular 
epithelium is also determined by contrasting the number of cases of 
dilatation and atrophy of tubules occurring in the control rabbits 
with the number of cases of such atrophy found among the animals 
that had eaten the meat-containing diets for twenty-four weeks or 



Fig 8 — Character of the lesions which are found in some control rabbits 
A band of fibrous tissue has caused retraction of the outer surface of the 
kidney, with scarring of the glomeruli in its path The sharp separation of 
the normal tissue in the left half of the field from the portion containing 
the dilated tubules is clearly seen The focal character of the tubular dilatation 
seen m this kidney contrasts strikingly with the diffuse and widespread dilata- 
tion of tubules presented m Figures 1, 2, 5 and 6 

more In making this comparison, no account is taken of the distri- 
bution of the tubular dilatation — whether sharply restricted, patchy or 
diffuse — nor of the presence or absence of other lesions It is a simple 
comparison between the percentage of “treated” animals whose kidneys 
showed tubular atrophy with the percentage of control animals whose 
kidneys showed tubular atrophy When this is done it is found that 
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One of the female labbits being fed on the diet containing 27 pei 
cent of piotein gave birth to a httei of fowl, sued by a male on the 
same diet The obseivation of these foiii young rabbits gave fnither 
infoimation legaidmg the mjuiioiis effect of the meat-containing diet 
The labbits were boin on Septembei 7, when then mothei had had 
the high piotein diet foi neaily foui months She weaned them on 
Octobei 10 One of them, weighing 410 gm , died the same day 
Necropsy levealed bionchopneumonia The lemaiinng thiee took 
kindly to the high piotein diet and gained weight lapidly Their 


Tablc 3 — Nonpiotcm NtUogcn of ihe Blood Fioin Meat Eating Rabbits 




Dui 11- 
tion, 

Condition of 


Blood N P N 
Mg pel 

No 

Die) Months 

i Animal 

State of Kidney 

Pasting 

lOOO c 

88 

Protein 

27% 

1 

Good, blood cul 
turn negative 

Moderate tubular dilatation and nt- 
lopby, mine albuinln, few casts 

Yes 

71 

77 

Protein 

i.% 

Oi’/O 

Good, blood cnl 
tine negative 

Tubulai atrophy and dilatation, 
urine mueli albumin, 
many casts 

Yes 

05 

78 

Piotein 

2i% 

B'/. 

Unable to stand, 
dying 

I'xticmc tubulai dilatation and 
atiopliy, bladder urine much 
albumin, many casts 

No 

121 

07 

Piotein 

27% 

OVL 

Unable to stand, 
dlairlieu blood 
culture negative 

'J’ubulai dilatation and atropliy, 
bladdci urine much albumin, 
many casts 

Yes 

114 

01 

Protein 

27% 

7 

Good 

Tubulai dilatation and atiopliy, 
mine albumin and few casts 

"ics 

58 

108 

Protein 

27% 

11 

1' \cellent 

Tubules not ntiophied, urine albu 
min, no casts 

yes 

89 

lOO 

Piotein 

27% 

12 

Fxcollont 

'lubulos not atiopiiled, mine no 
albumin, no casts 

Yes 

CO 

00 

Protein 

27% 

7 

11 

13 

Good 

Purulent nasal 
discliaigo, blood 
culture negative 
Pxeolleiit 

Tubules not atrophied, mine albu 
min, few casts 

Urine same 

IBladdei mine albumin, laro casts 

Yes 

No 

No 

GO 

79 

40 

147 

Piotein 

30% 

5 

P\cellent 

'Tubules not atiophied, mine albu 
min, some casts 

Yes 

147 

00 

Protein 

30% 

8 

1 xcollont 

'J'ubules not atiophied, mine albu 
mm, few casts 

No 

(d 


geneial condition, as evidenced by then plumpness, then shiny coats, 
then blight eyes and then playfulness was excellent and continued so 
up to the day of death 

The urine of each of these thiee rabbits was examined on the third 
day aftei weaning All showed albuminuria, one sediment contained 
many hyaline and gianular casts and a few red blood cells A few 
casts, but no led blood cells, weie seen in the sediments of the other 
two The leaction of these urines was tested with phenolphthalein, 
which lemained coloiless, and with methyl red, which gave a pale red, 
indicating that they were neaily neutral 
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75 per cent (twelve out of sixteen) of the meat eating rabbits showed 
such atrophy, whereas it was present in only 9 per cent (one out of 
eleven) of the contiols 

When it IS recalled that the nutrition of the controls because of 
infection was poor (average individual weight, 1,540 gm ) and that 
the general condition of the meat fed animals (average individual 
weight, 2,375 gm ) was excellent, the great difference between 75 
per cent and 9 per cent becomes the more significant It seems clear 
that the infections to which rabbits are naturally susceptible do not 
frequently cause dilatation and atrophy of the renal tubules If one 
adds to this the facts already brought out, namely, that tubular atrophy 
m contiol rabbits is but one pait of a focal cicatrizing lesion which 
also causes scarring of the glomeruli and that tubular atrophy in meat 
eating rabbits is generalized and unaccompanied by fibrosis or by 
scarred glomeruli, the conclusion that diets containing 27 per cent or 
more of piotem derived chiefly from meat, when fed for six months 
or more, are capable of producing high grade dilatation and atrophy 
of the renal tubules in the rabbit is unavoidable 

Further evidence of the renal injury caused by these high protein 
diets is obtained fiom the blood nonprotein nitrogen values 

For control, five adult rabbits were selected at random from the 
stock cages, fasted twenty-four hours, and blood was then withdrawn 
from the heart The following readings were obtained 29 4, 37 5, 
39 0, 46 8, 48 0 mg , with an average of 40 5 mg These rabbits 
were then fed the high protein diet for eight days At the end of 
this period blood was again withdrawn from the heart, omitting the 
preliminary fast The object of this second control was to determine 
what effect, if any, the high level of nitrogen metabolism would have 
on the nonprotein nitrogen of the blood The readings were 40 2, 
43 8, 48 0, 516 and 58 2 mg, with an average of 48 3 mg These 
data indicated that slight elevations occurring in the animals that had 
been on the diet for months might be caused bv the excessive nitrogen 
of the diet rather than by an underlying nephropathy, but that con- 
sideiable increases in the nonprotem nitrogen of the blood must be 
caused by something other than the high protein metabolism 

In Table 3 will be found all of the blood nonpiotem nitiogeii 
readings obtained from rabbits being fed the high protein diets It 
IS evident that all but one of these animals were retaining nitrogen 
waste products and that some of them showed high levels of nonpiotem 
nitrogen in the blood It was impossible to establish any parallelism 
between the histologic appearance of the kidneys and the degree of 
nitrogen retention, nor between the latter and the general condition of 
the animal 
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biologic leactions One of us reported in an eailier paper ^ that the 
plasma of a rabbit whose sole food was boiled egg white contained 
no piecipitin for pure egg albumin, and that neither the albuminous 
urine nor the blood serum of a similar rabbit was capable of sensitizing 
guinea-pigs to egg albumin 

This question has been leexammed with the meat containing diet 
as follows 

Dec 7, 1922 Some dry powdered beef was shaken in normal salt solution 
Two cubic centimeters of the filtrate were then injected intrapentoneally into 
each of a group of guinea-pigs 

Dec 20, 1922 The blood serm from two rabbits that had eaten the diet 
containing beef to the extent of 36 per cent of protein for weeks, was injected 
intravenously mice doses each into four of these guinea-pigs None gave 
the anaphylactic reaction One c c of a filtrate of the powdered beef was 
injected intravenously into the remaining three guinea-pigs which had been 
sensitized to beef protein on Dec 7, 1922 All showed characteristic anaphylactic 
shock 

Here also it was impossible to demonstrate the presence in the 
blood of the protein of the diet Accordingly, no support was obtained 
for the surmise that the kidneys were damaged by eliminating foreign 
protein from the circulation 

The expel iments of Longcope® dealing with the occurrence of 
renal lesions in animals that had been subjected to anaphylactic shock 
have already been mentioned as offering a possible explanation of the 
question under discussion He reported the presence of focal lesions 
in the kidney (and in some other organs) The individual lesion 
showed various degiees of parenchymatous injury and a well marked 
infiltration by small round cells The two most striking features of 
the lesion weie its circumscribed character and the presence in it of 
many small round cells Theie is, accordingly, no resemblance between 
the focal lesions described by Longcope and the diffuse tubular atrophy 
leported by us The great dissimilarity between the two lesions makes 
It most unlikely that they could have had the same origin 

3 A meat containing diet would, according to current belief, cause 
the labbit to secrete an acid urine Since the rabbit’s urine is noimally 
alkaline, such a shift in reaction might be attended by cellular damage 
The urines of the rabbits that were eating the beef protein were 
generally acid to litmus, although not invariably so , a few of them 
were neutral It has already been shown in an eailier paper ^ that 
high piotem diets can damage the rabbit’s kidney even though the 
urine remains alkaline In the experiments refeired to, one large 
gioup of rabbits was fed soy beans Even though the urines were 
always alkaline, the kidneys of animals that had eaten the soy beans 
for months piesented a well marked chionic nephropathy Another 
gioup daily received the following mixture Casein, 30 gm , milk. 
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These rabbits were found dead on October 24, 29 and 31, respec- 
tively, when they were from 6 to 7 weeks old In no case had the 
general appearance of the animal on the day preceding death indicated 
that he was in any way different from a healthy young rabbit 
Necrops} revealed no abnormalities other than those relating to 
kidneys 

The kidneys of the animal that died on the 24th weighed 5 gm 
(11 per cent of body weight) and on section were found to be pale, 
wet and totally devoid of mai kings No urine was obtained from 
the bladder 

The kidneys of the animal which died on October 29 weighed 
8 gm (16 per cent of body weight) The section surface was 
engorged and cloudy, and the cut ends of the vessels stood out as 
bloody points The bladder urine contained much albumin, many 
casts and numerous red blood cells 

The kidneys of the rabhit found dead on October 31 weighed 
6 5 gm (16 per cent of body weight) , the surfaces, on section, were 
pale, moist and lacking m markings The bladder urine contained 
much albumin, many casts and red blood cells 

COMMENT 

The renal injury which develops m rabbits that are fed a high 
protein diet may be caused by one or more of a number of abnormal 
processes 

1 The approximate doubling of the work of the kidney because 
of the increased nitrogen metabolism comes to mind as such a possi- 
bility But it IS well known that normal kidneys merely hypertrophy 
when required to perform much more than the usual amount of work 
Furthermore, one of us reported in a previous paper ^ that simple 
increase in work brought about by feeding urea to rabbits in amounts 
sufficient to about double the normal urinary nitrogen for as long as 
nine months produced no demonstrable renal injury Simple increase 
m work does not account for the nephropathy 

2 The excessive ingestion of protein might force its absorption 
into the blood and the subsequent elimination by the kidney of it or 
its parenteral digestion products These substances are believed to be 
nephrotoxic This possibility is perhaps emphasized by the work of 
Longcope,® vrho reported the existence of renal injury in rabbits that 
had been subjected to anaphylactic shock 

If foreign protein were present m the blood or m the urine, one 
would expect to be able to demonstrate its presence by means of 

4 Newburgh, L H Production of Bright’s Disease by Feeding High 
Protein Diets, Arch Int Med 24 359-377 (Oct ) 1919 

5 Longcope, W T J Exper M 18 678, 1913 
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1 he microscopic examination of these kidneys revealed no abnormalities 
except a few casts m the collecting tubules of each kidney 

The urinary abnormalities occurring in the oat fed rabbits might 
or might not have been caused by the acidity of the urine, since a diet 
of oats alone produces a metabolic disturbance which also might be 
attended by a disturbance of the kidney As long ago as 1916, Lewis 
and Karr ® stated that “It is now generally accepted that an exclusive 
cereal diet results m a failure of normal nutrition for most of the 
common laboratory animals ” 

There are at present no data available which make it possible to 
decide whether urinary acidity alone is capable of causing albuminuria 
and cylmdiuna On the other hand, it is clear that even if acid urine 
does produce albumin and casts, it does not cause the other changes 
in the kidney which developed in oui meat eating rabbits The 
nephropathy which we have found m such rabbits may have been m 
pait, but only in part, caused by the prolonged excretion of an 
acid urine 

4 The idea that bacterial decomposition of protein m the 
intestine gives rise to soluble poisons which are absorbed and eliminated 
by the kidney with injury to it, is familiar to all students of nephritis 
And Harvey ° claims to have produced chronic nephritis by feeding 
and injecting parahydroxyphenyl-ethylamin This amm was isolated 
by Bargei from decomposing meat, and said, by Harvey, to have 
been found in the alimentary canal of man 

The presence of such toxic piotem derivatives is said to be indicated 
by the occurrence of mdol in the urine and by an increase in urinary 
phenol We have tested the urines of eight rabbits being fed the 
high protein diet, for the presence of indol with Obermeyer’s reagent, 
and have invariably obtained negative results In two of these animals 
the twenty-four hour excretion of phenol in the urine was quantitated 
by the method of Folm and Denis Our figures were somewhat lower 
than those obtained by Folm and Denis from normal rabbits 

We, accordingly, obtained no evidence of the excretion of abnormal 
amounts of bacterial decomposition products While our examination 
was inadequate to exclude entirely such a possibility, it left us in the 
position of having no data which indicated that the disease of the 
kidney was attributable to the damaging effect of such substances 

5 Levene and Van Slyke,^^ in 1912 showed that ammo acids are 
always present in noimal urine, and that the total ammo acid nitrogen 

8 Lewis, H B , and Karr, W G J Biol Chem 28 17, 1916 

9 Harvey, W H J Path & Bactenol 16 95, 1911-1912 

10 Barger J Physiol 38 343, 1909 

11 Folm and Denis J Biol Chem 22 319, 1915 

12 Levene and Van Slyke J Biol Chem 12 301, 1912 
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25 c c , scraped carrot, 20 gm , sodium bicarbonate, 1 gm , and ivater, 
20 c c The urines remained alkaline, and the kidneys showed severe 
parenchymatous lesions 

Polvogt, McCollum and Simmonds ° have recently published experi- 
ments dealing with the nephropathic effect of high protein diets on the 
kidney of the rat Their diets were put together in such a way as to 
make them potentially alkaline and to thus exclude any possible harm- 
ful effect resulting from an acid urine The diets were m addition 
nearly optimal for growth and reproduction In spite of these controls. 
It was found that “all the rats fed the diets high in protein had lesions 
of the kidneys of considerable severity ” 

It IS evidently not necessary to invoke the acid producing feature 
of a high protein diet to explain its nephrotoxic character 

Furthermore, it has recently been shown by Hasselmann ^ that the 
mine of men is less acid when large amounts of meat are eaten than 
when oats form a considerable portion of the food intake When 
the diet consisted of 750 gm of meat, 100 gm of fat, 200 gm of 
bread, 100 gm of potatoes and 1,000 c c of fluid the titratable acidity 
was 200 in terms of tenth normal alkali and the hydrogen-ion concen- 
tration was 6-7 But when 500 gm of oats, 100 gm of fat, 100 gm 
of meat, 250 gm of bread and 750 c c of fluid were taken the titratable 
acidity was 350 and the /’h 5 5 

Hasselmann states that Magnus-Alstleben has pointed out that the 
urine of the carnivorous dog is not acid but, on the contrar}^ shows 
an alkalinity of an order raiely seen in man, and that Loew found that 
the urine of the rabbit on an oat diet is acid 

We have abundantly confirmed Loew’s observation in a group of 
rabbits that were fed only oats and water for periods ranging from a 
few months to about ten months, the urines of these rabbits were 
invariably acid to litmus Such urines always contained albumin and 
sometimes casts 

Two of these labbits lived on oats and water for about ten months 
At the end of the first four months the urine of one showed a heavy 
albuminuria and several casts The other urine gave positive tests 
for albumin, but no casts were seen The urines obtained the day 
before the rabbits were killed, each showed a well marked albuminuria, 
and many casts were seen in one sediment but none in the other 
sediment The determination (colomietrically) of the hydrogen-ion 
concentration of these urines gave readings of 5 9 and 5 5 

Necropsy revealed no abnoi malities The kidneys weighed 10 7 gm 
and 11 gm and, except for a few small pits, appeared to be normal 

6 Polvogt, McCollum and Simmonds Bull Johns Hopkins Hosp 34 168, 

1923 

7 Hasselmann, C M Kim Wchnschr 2 122, 1923 
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for the final picture We are, however, convinced that the primary 
injury was a pioduct of the diet, and that if bacteria played any 
pait in causing the lesion they were able to do so only as a result 
of damage previously worked by the diet 

SUMMARY 

The majoiity of rabbits that ate a diet containing 27 per cent or 
more of protein for six or more months, developed a chronic neph- 
lopathy At least the initial lesion was caused by the products of 
the diet, since spontaneous infection in the absence of the diet is 
incapable of causing the disease The lesion may, in part, have been 
caused by infection acting on a kidney made susceptible to infection 
by the diet 

The evidence at hand suggests that the injury caused by the diet 
IS either solely attributable to the excessive excretion of some ammo 
acids or in part to the ammo acids and in part to the acid character 
of the urine But the acidity of the urine by itself is incapable of 
causing all of the injury attributable to the diet 

There is no intention on our part of claiming that this nephropathy 
IS the anatomic analogue of human chronic nephiitis On the other 
hand, the recent work of Polvogt, McCollum and Simmonds “ 
“furnishes experimental evidence that the excretion of excessive 
amounts of the normal end products of protein metabolism may result 
in anatomical damage to the kidneys of an omnivorous animal when 
all other requirements for the nutrition of this species are adequately 
provided for ” Furthermore, Squier and Newburgh have published 
data which, m their opinion, prove that the human kidney may be 
injured by protein excess The authors of this paper believe that these 
experiments on the rabbit bring us one step nearer to an understanding 
of the etiology of chronic nephritis m man 

16 Squier and Newburgh Renal Irritation in Man from High Protein 
Diet, Arch Int Med 28 1 (July) 1921 
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bears a fairly constant relation to the total urinary nitrogen Van 
Slyke in a subsequent paper reported that during the digestion of 
meat the amino acid content of the dog’s blood is markedly increased 
More recently Folm and Berglund have published tables which make 
It clear that there is an increased elimination of amino acids by the 
kidneys of man whenever there is an influx of ammo acids from the 
digestive tract sufficient to raise materially the ammo acid content of 
the blood The greatest elimination of ammo acid occurred in a sub- 
ject who took 135 gm of gelatin Before eating the gelatin, the 
blood contained 5 5 mg of ammo acid nitrogen per 100 c c , and the 
kidney was putting out 10 mg of ammo acid nitrogen an hour Two 
hours later, the blood ammo acid nitrogen had risen to 11 mg per 100 
c c , and the kidney during the fourth hour following the ingestion of 
the gelatin put out 96 mg of ammo acid nitrogen 

It IS conceivable that the increased elimination of ammo acid which 
follows the excessive ingestion of protein might not be without effect 
on the kidneys Some of the ammo acids might be nephrotoxic when 
excreted in unusually large amounts for a long time 

Experiments designed to throw some light on this question have 
progressed far enough to permit a preliminary statement The intrave- 
nous injection of an amino acid is regularly followed by a sharp increase 
in the urinary ammo acid The injection of a number of the straight 
chain ammo acids in large amounts has caused no demonstrable injury 
to the kidney But the intravenous injection of tyrosin and of histidin 
in very much smaller doses has been regularly followed by the occur- 
rence and often persistence for a number of days of albumin and casts 
These results, while suggestive, are not sufficient to make us willing 
to affirm that high protein diets cause renal damage because they are 
attended by the excretion of nephrotoxic ammo acids 

6 The question whether the renal injury was caused by inter- 
current infection has already been discussed, and ample evidence has 
been presented to show that the naturally occurring infections of 
rabbits do not produce the type of kidney disease which was found 
in the meat eating animals On the other hand, it is possible that 
the high protein diet produced a primary renal injury that made the 
kidneys accessible to the harmful effects of bacteria, which in the 
absence of such a primary lesion were incapable of causing the lesion 
Even though the necropsies did not give us the usual evidence of 
infection, and even though everj^ blood culture was negative, it is 
true that infection could not with certainty be excluded It is accord- 
ingly impossible to state whether bacteria were in part responsible 

13 Van Slyke J Biol Chem 12 399, 1912 

14 Folin and Berglund J Biol Chem 51 413, 1922 

15 Newburgh and Marsh To be published 
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casts The hemoglobin content of his blood was 70 per cent There were 
4,000,000 red blood coipuscles and 6,300 white cells A month later the leukocyte 
count rose to 11,350 The differential count was normal at all times There 
was no eosinophilia The blood Wassermann reaction was negative His blood 
piessure was systolic, 100, diastolic, 80 A blood culture showed strepto- 
cocci in one bottle, the other bottle remained sterile Analysis of the stomach 
contents showed a slight increase m free hydiochloric acid, but the stomach 
contents were otherwise noimal 

Ticaivtcnf and Conise — The patient was placed on a soft diet, which caused 
some improvement in his gastric symptoms 

On January 23, dulness was noticed at both bases with bubbling rales 
There weie a few whee/ing rales over both apexes The liver was not palpable 
A general enlargement of the lymph glands was also noted, and the patellar 
reflexes were still more sluggish On the whole, he had improved somewhat and 
was able to get up, but he was never quite well 

On January 26, he said that he had passed bright blood in his stools during 
the night Examination at this tune showed a puffy swelling on the light side of 
his face, and also some difficulty in breathing, the breathing being of an 
asthmatic character All thiough the chest theie were numerous musical rales 
The heart sounds were clear and rapid On this day, a definite enlargement of 
the liver was discoveied, the lower boidci of the liver being 5 fingerlireadths 
below the costal margin 

On January 27, loentgen-iay examination revealed fluid in both pleural 
cavities, the heait at the uppei limit of normal si7e, and there was a marked 
cnlaigement of the livei On account of evident cardiac insufficiency he was 
given digitalis in laige doses, after which his pulse became somewhat irregular 
and extrasystoles developed 

On January 31, the patient was much worse, his breathing was labored, 
there was impaired resonance throughout his chest and marked flatness at both 
bases There were many extrasystoles An accumulation of fluid could be made 
out in the abdomen and his liver remained markedly enlaiged 

On the next day, February 1, the fluid had increased m both pleurae and in 
the abdomen On this day there was a slight rise in tempeiature 

On February 4, a slight edema of the lower extremities was observed His 
pulse was distinctly irreguhu, and edema of the right lower eyelid had 
developed 

On February 5, weakness was noticed in the seventh cranial nerve on the 
right side and ptosis of the left eyelid The signs of caidiac decompensation 
continued 

There was a short period of improvement fiom February 7 to February 12, 
and on February 12 his pulse was regular, slow and of low tension 

On February 18, the accumulation of fluid in his pleural cavities had appar- 
ently disappeared 

On February 22, he developed edema of the light hand and of both feet His 
pulse was 100, regular 

On February 28, he was again in marked distress with dyspnea, wheeling 
respiiation and much sweating 

On March 1, he was much worse, his pulse was very rapid, there were many 
extrasystoles, and his respiratory distress was pronounced 

He died quietly on March 2 at 3 30 a m 

During the course of his illness at the hospital his temperatuie was normal 
or subnormal with an occasional rise to 100 F There was much sweating, 
especially dm mg the periods of exacerbation of his illness The pulse rate 
ranged between 70 and 110, but was usually high The respiration rate varied 
between 20 and 30 Urinalysis from time to time showed a small amount of 
albumin and a few hyaline and granular casts His blood pressure was con- 
sistently low The fluid removed from his chest contained much albumin, a 
considerable number of leukocytes, mostly pol 3 'morphonuclears (about 70 per 



PERIARTERITIS ACUTA NODOSA- 

W OPHULS, M D 

SAN FRANCISCO 

About seventy observations of periartei itis nodosa have been 
recorded in medical literature The disease is still so obscuie how- 
ever that every new case reported may assist m its final elucidation 
I shall discuss briefly a case observed m the Stanford Medical Service 
at the San Erancisco Plospital 

REPORT OF A CASE 

Histojy — I G, a Persian janitor, aged 38, was admitted to the San Francisco 
Hospital on Dec 12, 1922, complaining of severe pain in the stomach one or 
two hours after eating, without local tenderness, followed frequently by 
eructations of gas , also of occasional night sweats These symptoms had com- 
menced in July, 1922 One week after the onset of these symptoms his appendix 
had been removed, which gave him temporary relief He remained at the 
hospital for about ten days The pain in his stomach returned, however, and 
persisted at varying intervals until his entrance to the San Francisco Hospital 
five months later He was nauseated at times but had never vomited Recently 
he had had nocturia three or four times The patient did not speak English 
very well, and for that reason it was difficult to obtain an accurate history, 
but so far as could be made out, he had always been well until the appearance 
of these symptoms He denied venereal and other severe infections He had 
been injured several times during the Great War, but not severely He did 
not use liquor or tobacco He had been married for eighteen years He had 
three children, all of them well, the oldest one being 17 He had lived in 
Persia until six years ago when he came to the United States His average 
weight had been 150 pounds (68 kg), but since he had been ill he had lost 
weight until his weight at entrance to the hospital was 115 pounds (52 1 kg ) 

Physical Evaminahon — The patient was undernourished He coughed occa- 
sionally without raising any sputum His pupils were slightly irregular and 
reacted fairly well to light and accommodation There was a subconjunctival 
hemorrhage in his right eye His tonsils were moderately enlarged, and in the 
crypts there was some grumous material Examination of the lungs did not 
reveal anything abnormal The heart seemed to be within normal limits The 
heart sounds were loud and snapping, the second pulmonic tone was greatly 
accentuated and rough No definite murmurs were heard A careful examina- 
tion of the abdomen did not reveal any abnormalities There was no spasticity 
or tenderness anywhere There were no paralyses The patient did not com- 
plain of anj’’ abnormal sensations The patellar reflex was sluggish, especially 
on the right side Two blisters were found in the skin on the inner side of the 
right knee 

A fluoroscopic examination revealed considerable grayness at both apexes and 
fixation of the left diaphragm A careful examination of the nose by a special- 
ist revealed some irregularity of the septum, a good breathing space and no dis- 
charge Urinalysis revealed little albumin and occasional hyaline and granular 


*Read before the Section on Pathology and Physiology at the Seventy- 
Fourth Annual Session of the American Medical Association, San Francisco, 
June, 1923 

*From the Department of Pathology, Standard University Medical School 
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The right peribronchial lymph glands were large Many grayish white 
nodules were seen in the pleura at the right apex There was also present a 
superficial scar 1 5 cm in diameter The right lung otherwise resembled the 
left one The tissue at both bases was quite firm 

A few old adhesions were found about the spleen Its capsule was slightly 
thickened The splenic artery was normal The spleen measured 13 5 by 8 5 
by 4 cm The markings were distinct 

The left suprarenal body was small, otherwise normal 

The left kidney was large The capsule stripped easily It measured 15 bj 
6 by 3 5 cm The cortex was dark purple and showed a large number of 
grayish white opaque spots On the cut surface the cortex was quite wide and 
full of similar spots The pyramids showed a marked passive congestion 

The right suprarenal was like the left one The right kidney was similar 
to the left one 

The bladder, the prostate, the seminal vesicles and the rectum were normal 
Easily broken adhesions were found m the region of the gallbladder, extend- 
ing quite a distance into the surrounding area The duodenum and its contents 
were normal The bile duct was patent 

The stomach was much distended It contained grayish fluid and many 
flakes of mucus Some adhesions v/ere present between the stomach and pan- 
creas The mucous membrane of the stomach was somewhat congested It 
was covered with a thick layer of mucus The fundus showed postmortem 
digestion 

The lymph glands at the liver hilus were enlarged and smooth Their cut 
surface was dark red 

The pancreas was normal 

The abdominal arteries were normal 

The gallbladder was filled with thick viscid bile 

The liver measured 28 by 24 by 9 cm In and underneath the capsule there 
were irregular white strands apparently following the course of the larger blood 
vessels The cut surface showed an extreme passive congestion and a definite 
thickening of the connective tissue about the larger blood vessels There was 
also a marked cyanosis of the centers of the lobules and evidence of beginning 
cyanotic atrophy 

The appendix had been removed No adhesions were seen at the point of 
operation 

No intestinal parasites were found The mucous membrane of the lower 
ileum and of the large intestine showed a marked passive congestion It was 
otherwise normal The mesenteric lymph glands were slightly enlarged, con- 
gested and grayish red The retroperitoneal glands were in the same condition 
No signs of tuberculosis were discovered in them 
The thoracic and abdominal aorta was normal 

The skull was distinctly asymmetric, the skull cap being flatter in the right 
occipital region It was otherwise normal The longitudinal sinus contained 
fluid blood The pia mater on both sides was slightly congested The brain 
showed an asymmetry similar to that of the skull The large arteries at the 
base of the brain were normal The large venous sinuses were normal There 
were no visible lesions in the motor cortex The brain tissue was hyperemic 
and edematous throughout No focal lesions were found 

Anatomic Diagnosis — The anatomic diagnosis was (1) acute nodular 
periarteritis, (2) subacute myocarditis of the left ventricle with hypertrophy 
and dilatation of the right ventricle, (3) emphysema, (4) healed apical tubercu- 
losis of the lungs, (5) subacute nodular pericarditis, (6) subacute pleurisy, (7) 
subacute peritonitis, (8) subacute nephritis and (9) healed appendectomy 
Histological Examination — Sections of the lung showed an involvement of 
the small arteries, of the veins, of the pleura and the interlobular septums, of 
the bronchial tubes and of the pulmonary tissue proper The lesions in the small 
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cent ) No eosinophils were noted On February 1, some diplococci were 
noticed in a smear from the pleural fluid, but a culture made at the same time 
did not show any growth His sputum, of which there was little, was examined 
several times for tubercle bacilli, always with a negative result 

The findings and the course of the disease were so unusual that the clinicians 
refused to make a diagnosis 

Neaopsy — ^Necropsy was performed on March 2, 1923 The body was that 
of a strongly built, fairly well nourished and muscular man of about 40 years 
His pupils were widely dilated and equal The face and neck showed marked 
cyanosis The left axillary and the femoral lymph glands on both sides were 
distinctly enlarged Many purple spots from 2 to 10 mm in diameter were seen 
in the skin on the inside of the left thigh Both legs showed a moderate edema 
A scar was found in front of the right tibia, which was moderately firmly 
attached to the bone (healed war wound) Two small pigmented halos were 
seen m the skin on the inside of the right knee The scrotum was slightly 
edematous The finger tips were cj^anotic The veins about the anus were 
markedly dilated The complexion was very dark (Persian) The skin was 
dark all over the body 

A scar from a healed laparotomy was seen on the right side in the appendicial 
region (appendectomy) A recent small superficial incision was found in the 
midline about half way between the umbilicus and the pubic region 

The abdomen was distended and tense with gas The omentum was slightly 
adherent to the anterior abdominal wall The subcutaneous fat was atrophied 
The abdominal muscles were pale and poorly developed 

The liver projected 4 fingerbreadths in the right mammillary line and in 
the left lobe 5 fingerbreadths below the xyphoid process 
The lower border of the stomach was at the umbilicus 
The omentum showed some small irregular scars 

The peritoneum showed a dark purplish discoloration It was smooth, 
glistening and moist, 50 cc of blood stained fluid were found m the rectovesical 
pouch 

The level of the diaphragm on the left side was at the fourth nb, on the right 
side at the fifth nb 

The chest was strongly arched, almost barrel shaped, and symmetric 
A few easily broken adhesions were found in the lower part of the left 
pleura About 100 c c of clear fluid were present at the left base Few easily 
broken adhesions were noticed in the upper part of the right pleura, and about 
150 c c of clear fluid m the lower part 

In the pericardium there were 200 c c of slightly turbid yellow fluid Both 
layers of the pericardium were irregularly congested and covered with a thin 
layer of fibrin In the inflamed pericardium at the base of the heart there were 
some just visible grayish nodules A large milk spot was found over the right 
ventricle 

The heart was slightly enlarged The right side was dilated Dark fluid 
blood filled the pulmonary arterj"^ The right ventricle and the right auricle 
were distinctly dilated The wall of the right ventricle was firm, measuring 
4 mm on cross-section Many just visible grayish nodules were seen in the 
pericardium over the pulmonary artery The pericardium along the course of 
the coronaries and their branches were rather white and thick, but there were 
no nodules at these points The left ventricle was not dilated It measured 
12 mm on cross-section The base of the aorta and the coronary arteries were 
normal The heart muscle on the left side was firm and full of grayish white, 
small irregular spots The valves of the heart were normal 

A large amount of mucopurulent material was found in the left bronchus 
The left pleura was smooth and glistening The left lung was large and 
emphysematous The bronchial tubes were congested The bronchi in the 
lower lobe contained much mucopurulent material The peribronchial lymph 
nodes were enlarged, moist and contained a few grayish spots The posterior 
lower parts of the left lung were congested and edematous 



Fig 2 — Smaller branch of pulmonary artery showing more acute changes, 
with coagulated exudate in intima 



Fig 3 — Section of pleura with marked subacute pleurisj 
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arteries (Fig 1) consisted in a heavy infiltration of the peripheral layers of the 
adventitia with leukocytes, mostly with eosinophils, but there were also a few 
lymphocytes and plasma cells In the central parts of the adventitia the leuko- 
cytes were much less numerous Here there were mostly fusiform or irregular!} 
shaped cells which contained large clear nuclei The general appearance of 
these cells was that of fibroblasts The muscular layer was generally fairly 
well preserved, but there were places in which the muscle cells were more or 
less vacuolated and in which the media was invaded both by the eosinophils 
and the large proliferating cells of the adventitia The changes in the adventitia 
were not localized m the shape of nodules but were quite diffuse, although 
there were stretches of the small arteries which were quite normal There 
were marked changes in the intima consisting of a marked cellular thickening 
of this coat apparently corresponding more or less closely to the damaged parts 
of the media The cells in the intima also had the characteristics of fibroblasts, 
and there were delicate fibrils between them Where the process was recent 



Fig 1 — Small branch of pulmonary artery showing lesions of periarteritis 


some of these cells may have been derived from the endothelium In the thick- 
ened intima there were few eosinophils which seemed to come from the 
adventitia In some places (Fig 2) the intima contained some homogeneous 
material which stained a bright red with eosin (evidently coagulated plasma, 
as was shown by irregular masses of fibrin in it) It was present m narrow 
bands, but sometimes it occurred in large quantities practically occluding the 
lumen It could be demonstrated, however, in most places that this material 
was still underneath the endothelium The material contained more or less 
degenerated leukocytes Even where the lumen was much narrowed it was 
still free and filled with normal blood In other vessels there was evidence of 
recent thrombosis The intimal changes were not so diffuse as those m the 
adventitia, but they also were not distinctly nodular The media even at the 
most severely altered places remained fairlv intact There was no evidence of 
aneurysmic dilatation of any of the affected arteries 
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pneumonic consolidation in which the air spaces were filled with eosinophils, 
large inononncleai cells, lymphocytes and red blood coipuscles The air spaces 
in these aieas contained considerable fibrin Even in such places no bacteria 
could be dcmonstiated 

Section of a pei ibionchial lymph gland contained a moderate amount of 
coal pigment The cells in the pi olifei alive centeis were swollen and more 
or less degenerated The centers contained a few neutiophilic leukocytes 
and m the periphery deposits of fibrin, some of which were quite hyaline 
The lymph spaces were dilated and filled with red blood corpuscles, many 
eosinophils, a few lymphocytes and large mononuclear cells The lymph-adenoid 
tissue was full of plasma cells and was diffusely infiltrated with eosinophils 
The capsule showed peiivascular infiltrations with eosinophils and plasma cells 
which e\tcnded into the loose connective tissue on the outside A largei aitery 



Fig 5 — Two aiteiioles in lung occluded by disease and inflammatoiy infil- 
tration of pulmonary tissue 


near the lymph gland showed characteristic lesions infiltration with plasma 
cells and eosinophils in the peripheial adventitia, proliferation of connective tis- 
sue in the cential adventitia with invasion of the damaged media, marked 
cellulai thickening of the intima with moderate infiltration with eosinophils, 
swelling, partial detachment and proliferation of endothelial cells with a col- 
lection of leukocytes and red cells underneath the partly detached endothelium, 
infiltration of the intima with uncoagulatcd plasma and fibrin 

Other lymph glands showed similar lesions The large lymphatic vessels 
near them were distended with lymph in which there were many eosinophils, 
fewer lymphocytes and plasma cells and few neutrophilic leukocytes 

The pulp of the spleen was diffusely infiltrated with eosinophilic leukocytes , 
the proliferative centers in the malpighian bodies showed the same lesions as 
those in the ones of the lymph glands The arterial lesions were not marked. 
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Many of the small veins showed a heavy infiltration of their adventitia with 
leukocytes (mostly eosinophils) In a few of them the endothelium was dis- 
tinctly swollen and evidently proliferating 

The perivascular lymphatics were distended with leukocytes, mostly 
eosinophils 

The large arteries and large veins were normal, but some of them contained 
recent thrombus 

The pleura (Fig 3) and interlobular septums were heavilv infiltrated with 
eosinophil leukocytes, and the blood vessels m them were very much congested 
Where the endothelial layer of the pleura was still preserved, the endothelial 
cells were distinctly swollen On the surface and between the endothelial cells 
there were many diplococci in most places, although some were free from 



Fig 4 — Section of bronchus with tremendous infiltration of mucous mem- 
brane with eosinophils 


them (contaminations) There were no deposits on the surface of the pleura 
The top layer of the pleura was sometimes excessively infiltrated with leuko- 
cytes The lesions m the pleura were quite diffuse and had no direct relation 
to the blood vessels 

The wall of the bronchi (Fig 4) were diffusely and heavily infiltrated with 
eosinophils There were also a few lymphocytes and some fibroblasts The 
change was most marked in the mucous membrane and in the loose peribronchial 
connective tissue It seemed to extend diffusely from the largest bronchi down 
to the respiratorj^ bronchioles Some of the bronchial arteries show marked 
periarteritis and endarteritis with partial destruction of the media 

The pulmonarj tissue proper (Fig 5) showed a diffuse infiltration with 
eosinophils This m places led to the formation of small areas of broncho- 
















Fig 7 — Nodular subacute pericarditis 
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The adventitia of a few small arteries was thickened and fibrous, and there 
were a few eosinophils in the new fibrous tissue The media and the intima 
of these arteries were of normal appearance A small amount of hema- 
togenous pigment was found in the pulp 

Some of the larger arteries of the heart showed characteristic changes 
heavy infiltration of the adventitia with eosinophils, lymphocytes and plasma 
cells, cellular proliferation of inner parts of adventitia with often deep invasion 
of the not severely damaged muscle by cellular new connective tissue with 
many capillaries in which there were many leukocytes, infiltration of the 
intima with eosinophils and cellular proliferation, swelling and partial 
detachment of the endothelium Similar lesions were also found in the walls 
of some of the veins The perivascular connective tissue all through the 
heart muscle was heavily infiltrated with leukocytes and showed a marked 
cellular proliferation, and from there the process extended quite diffusely into 



Fig 6 — Marked subacute interstitial myocarditis 


the musculature (Fig 6) This was especially noticeable on the right side 
Here there were even considerable collections of eosinophils and lympho- 
cytic cells between the muscle and the endocardium In the diseased muscle 
there were some fairly large cellular scars The most remarkable lesions were 
found in the pericardium (Fig 7) where, in addition to the characteristic 
changes in many arteries and some veins, there was a diffuse infiltration of the 
fat with leukocytes and a nodular proliferation of the top layers which was 
especially marked on the right side These nodules arose from the connective 
tissue of the surface la 3 'er of the pericardium with a broad base, and projected 
over the surface Thej' were of about the size of tubercles, and consisted of 
vascular young connectne tissue full of eosinophils and plasma cells Their 
surface was covered with swollen endothelium, and in them were numerous 
small glandlike crypts lined with cuboid endothelial cells The endothelial 
cells on the surface of the pericardium were swollen everywhere In some 
places the surface was contaminated with bacteria of various kinds, but other- 
wise no bacteria could be found m the sections 
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cells of tl e convoluted tubules were swollen and partly desquamated , m 
places they had formed large multmuclear giant cells by fusion The glomeruli 
were congested, but even in the areas with interstitial inflammation they were 
otherwise normal Many of the small veins were surrounded by heavy masses 
of leukocytes The arterioles did not seem to participate in the process The 
infiltration with eosinophils and lymphocytic cells m places extended far 
down into the pyramids No bacteria were found in the section m spite of 
careful search 

The lesions m the arteries of the liver (Fig 10) were practically identical 
with those m the kidney The destruction of the arterial wall was often even 
more complete, the tendency of the granulation tissue to arrange itself into 
cellular nodules even more marked The tendency to pioliferation of the 
vascular endothelium m these nodules was also pronounced In the center 



Fig 10 — Several granulomatous nodules m wall of branch of hepatic artery 

of some of the obliterated arteries new lumma had developed from the dilated 
capillaries In the proliferating connective tissue there were many eosinophils, 
and m some places coagulated fluid was seen The perivascular connective 
tissue was heavily infiltrated with eosinophils and plasma cells and often 
greatly thickened, but there was little evidence of an invasion of the liver 
tissue proper The liver cells were normal, except that the central capillaries 
were greatly dilated and the liver cells between them distinctly atrophied In 
the capsule of the liver some of the small arteries were distinctly diseased, 
and there was a moderate diffuse infiltration with eosinophils and plasma cells 
No nodules were seen In these sections also no bacteria were discovered 
In the pancreas some of the larger arteries were badly diseased, resembling 
very much those found in the heart There was a moderate infiltration of the 
interlobular connective tissue with eosinophils and plasma cells and a similar 
quite heavy infiltration about some of the ducts Even between the acini and 
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In an artery of medium size the muscle cells in some places were more or 
less vacuolated, the intima showed a cellular thickening and contained a 
moderate number of eosinophils The arterioles in the surrounding fat showed 
a marked infiltration of the wall, with large fibroblasts with nearly complete 
obliteration of the lumen The latter lesions were somewhat nodular in 
character 

The changes in the medium sized arteries of the kidney were severe (Fig 
8) , the infiltration of the adventitia with eosinophils and lymphoc 3 'tic cells 
was marked, the proliferation of the inner layer pronounced , the muscle was 
actually necrotic and hyaline in a few spots, in others distinctly vacuolated 
and m places completely destroyed by the invasion of 'granulation tissue from 
the adventitia The intima contained some eosinophils and showed a marked 
cellular proliferation , the endothelium was swollen In some places the 



Fig 9 — Diffuse subacute interstitial nephritis 


thickened mtima was full of hyaline material The connective tissue pro- 
liferation which arose from the adventitia in some places was distinctly 
nodular The nodules were cellular, contained blood \ essels, were about the 
size of tubercles and lay partly in the inner layer of the adventitia, partly m 
the destroyed media The nodules consisted of unusually large fibroblasts and 
contained some eosinophils and lymphocytic cells None of them showed evi- 
dence of caseation The endothelial cells of the blood vessels were often verv 
much swollen, but no giant cells were found In some of the small arteries 
the wall was entirely destroyed by the granulation tissue, the lumen was 
closed, or new lumina had been established by capillary dilatation m the new 
connective tissue From the perivascular connective tissue granulation tissue 
heavily infiltrated with eosinophils and plasma cells radiated far out into 
the kidney tissue proper (Fig 9), filling the spaces between the tubules and 
causing their collapse In the tubules in these areas one often found accumu- 
lations of more or less degenerated eosinophils or hyaline casts The epithelial 
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few polymorphonuclear leukocytes, many small gram-positive diplococci and 
shoit chains and a few other bacteria The stomach at necropsy was found 
perforated as a result of postmortem digestion Cultures from the peritoneum 
on slant agai and beef tea did not show any growth 

A smear of a testicle showed many large poorly staining cells, few lympho- 
cytes and few polymorphonuclear leukocytes, no bacteria were found in spite 
of careful search Cultures on the same mediums did not show any growth 

Smears stained with Giemsa showed the same results , no spirochetes or 
other parasites weie seen in any of the smears in spite of good stain and 
brilliant illumination 

Rabbit 5 was killed on May 8, 1923 No gross lesions were discovered at 
neciopsy, except a moderate probably spontaneous cirrhosis of the liver 
Sections from various organs did not reveal any characteristic lesions In the 
liver the peripoital connective tissue showed a marked round cell infiltration, 
which naturally led to some round cell infiltration of the wall of the blood 
vessels in it Similaily some of the blood vessels in the lungs showed a few 
lymphocytic cells m the adventitia, but the changes were so little characteristic 
that the result must be considered negative Cultures of the tissues of the 
rabbit were made on a great variety of mediums, with negative results 



Fig 11 — Small silver precipitates in cells of inner adventitia of diseased 
artery High power magnification 

Several rabbits were injected intravenously with the fluid obtained from 
aseptically ground up organs filtered and unfiltered, but they promptly died, 
probably of fibrin ferment poisoning Two more injected intraperitoneally 
with filtered and unfiltered tissue fluid did not develop any lesions 


Sections from practically all organs in this case were stained with the 
Giemsa stain and carefully searched for bacteria, with negative results except 
for the contaminations noted m the protocols of the histologic examination 
Pieces from lungs and pleura, the spleen, the liver, the kidneys, the heart 
and pericardium were stained accoiding to the Levaditi method No spiro- 
chetes could be detected in them in spite of careful search In the cell bodies 
of the proliferating cells in the inner layer of the adventitia m various organs 
minute silver deposits weie found in the shape of small round or slightly rod 
shaped objects, which are shown m Figure 11 Whether they have any par- 
ticular significance could not be determined It might be well to look foi 
them in future cases They occur in the place that is suspected by many to 
harbor the initial infection, but silver deposits in impregnated specimens are 
notoriously misleading 
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in the islands of Langerhans eosinophils were found singly or in groups The 
glandular tissue was otherwise quite normal No bacteria were found in 
these sections 

The prostatic glands contained many am}daceous bodies Thc\ w^ere other- 
wise normal In the prostate, and especially in the muscle surrounding it in 
the periphery, there were many large irregular areas of infiltration rvith 
lymphocytes, plasma cells and eosinophils Some of the arteries showed a 
complete replacement of the w'all w'lth dense rather cellular fibrous tissue with 
almost complete obliteration of the lumen The endothelial cells were swollen 
In the peripheral parts of the adventitia there w'ere man\ eosinophils A 
sympathetic ganglion near these blood vessels w'as diffusely infiltrated wnth 
eosinophils A small vein w'as also surrounded by numerous eosinophilic 
leukocytes 

The mucous membrane of the stomach was moderately but diffuseh infil- 
trated with lymphocytes, plasma cells and eosinophilic leukocjtes The glands 
were normal In the submucosa many eosinophils w'cre found in the immedi- 
ate vicinity of both arteries and veins, but the vessels themselves w^ere not 
altered The connective tissue between the bundles of the muscularis and 
about the blood vessels of the muscular coat w'as also full of eosinophils The 
blood vessels themselves were normal, except a few larger arteries w’hich show' 
marked changes Similarly the peritoneum contained some eosinophils, and in 
one place there was a small projecting vascular nodule full of eosinophils 

The lesions in the mucosa, submucosa, muscle and peritoneum of the small 
intestine were very much like those in the stomach The peritoneum w’as 
more seriously involved, there w'ere more lymphocytes and plasma cells, and the 
vascular nodules on the surface w'ere more numerous The peritoneal endo- 
thelium was not preserved 

The eosinophils in the mucous membrane of the colon were quite numerous 
There w'as little change in the submucosa In the muscle and in the peritoneal 
tissue arteries were found in w'hicli cellular fibrous tissue had developed both 
in the adventitia and the intima, accompanied by the usual infiltration w'lth 
leukocytes 

Many muscle fibers of the abdominal musculature show'ed evidence of w’axy 
(hyaline) degeneration, the endomj'sium and perimy'sium w'ere moderately 
infiltrated with eosinophils In few' small arteries the walls w'ere replaced by 
cellar fibrous tissue, and the lumina w'ere practically' obliterated In the inter- 
muscular fat there were many eosinophilic leukocy'tes and some lymphocytes 

The brain tissue and the blood vessels m it and m the pia were normal 
except for the presence of a few' ly'mphocytes in the perivascular lymphatics 
here .and there 

Bactei lologic Evamuiation — Smears from the pericardium stained w'lth 
Grain stain or Giemsa stain showed many' red blood corpuscles many' endo- 
thelial cells, many' small and large ly'inphocy'tes, few polymorphonuclear neu- 
trophilic leukocytes, some large phagocy'tes containing degenerated red cells 
and coarse brown pigment granules and a few uncertain diplococci No other 
bacteria were found Smears from the spleen showed normal cells, no bac 
tena Smears from the bone marrow showed many eosinophilic myelocytes, 
otherwise normal cells No bacteria were found Smears from the left renal 
pelvis showed manv epithelial cells, few leukocytes, no bacteria 

Rabbit 5 was inoculated in the right testicle, the right ear and intra- 
peritoneally with mixed scrapings from the liver and kidney lesions in beef 
tea on March S, 1923 

Gumea-pig 6 w'as inoculated into the right testicle, subcutaneous tissue 
on the belly and intrapentoneally with the same material on March 5 1923 
Guinea-pig 6 died on March 7, 1923, at noon Necropsy, on March 7, 1923, 
S p m , revealed a distended belly, an injected peritoneum, an intestine 
distended with gas, very little serous exudate The right testicle was swollen 
and congested Smears of the peritoneum showed a few' red blood corpuscles, a 
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6 The extensive involvement of the veins m many organs This 
also has been noted a few times only ® 

7 The diffuse infiltration of lymph glands and spleen with eosino- 
phils This IS mentioned by Lamb m both of his cases and therefore 
may have been overlooked by other investigators 

8 The finding of numerous eosinophils scattered all through the 
mucous membrane of the gastio-mtestmal tract This, so far as I 
know, is a unique observation, but this lesion may be quite common, 
as it is also likely to be overlooked 

9 The remaikable extension of the piocess from the perivascular 
connective tissue into myocardium and renal tissue This has been 
fairly frequently seen m the case of the myocardium, but although 
subacute nephritis has also been observed quite often, it usually was 
of the nature of an apparently independent hematogenous glomerulo- 
nephritis In our case the lesions weie local extensions of the mflam- 
matoiy process thiough the mteistitial tissue, and the glomeiuh were 
not involved or only secondarily More limited foci of such interstitial 
subacute inflammation were also discovered m sections of the panel eas, 
pi estate and muscle 

10 The comparative absence of severe lesions m the arteries of 
the gastro-mtestmal tract 

PATHOLOGY OF PERIARTERITIS NODOSA 

111 spite of the obvious difficulties on account of the complexity of 
the disease, I shall attempt to give a brief summary of its patholog}- 

The clinical symptoms are always obscure, so much so that the 
clinical diagnosis has been made only when material from the diseased 
arteries was obtained by biopsy, usually from subcutaneous nodules 
or in one case from the mesentery in the course of a laparotomy 
Unfortunately, these subcutaneous nodules are present only in a small 
minority of the cases 

The disease attacks mostly young persons who apparently are in 
the best of health The youngest victim of it was a child of 2i/^ years 
old, but It has been observed several times in persons over 50, and in 
one case in a man of 62 Among those afflicted the male sex predomi- 
nates m a proportion of about 5 1 The average age was 31 in a 
long series of male cases and in a much smaller series of cases in 
women 


6 Beitzke Praparate eines Falles von Periartenitis nodosa, Berl klin 
Wchnschr 65 1381, 1908 Ueber einen Fall von Periartenitis nodosa, Virchows 
Arch f path Anat 199 214, 1910 Von Haun Pathohistologische und expen- 
mentelle Untersuchungen uber Periartenitis nodosa Virchows Arch f path 
Anat 227 90, 1920 

7 Baehr Periarteritis nodosa, Proc New York Path Soc 19 131, 1919 
Manges and Baehr Periarteritis nodosa. Am J M Sc 162 162, 1921 
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SPECIAL FEATURES IN AUTIICR’s CASE 

1 The almost complete absence of any gross nodules in connection 
with the disease of the arteries and the complete absence of the devel- 
opment of aneurysms This, however, has also been noticed m other 
early cases ^ The lack of aneurysms in this case is probably to be 
explained by the comparative absence of extensive medial destruction 
and the massive development of fibrous tissue m those places in which 
the media is completely destroyed Microscopic granulomatous nodules 
m the inner adventitia extending into the media with destruction of the 
lattei were found in the sections of kidney and liver 

2 The marked involvement of the serous membranes with develop- 
ment of just visible granulomatous nodules on the surface of peri- 
cardium cind peritoneum The occurrence of pleurisy, pericarditis and 
peritonitis in connection with the disease is mentioned in several cases 
in the htei attire, the latter, however, was usually due to perforation 
of intestinal ulcers The granulomatous nodules I have not found 
mentioned in any report except in a recent one of Fishberg,’ who 
describes m his case in the pericardium flat white thickenings and 
fine nodules without, however, giving a moie detailed description 
of them 

3 The diffuse infiltration of the bronchial tubes with eosinophilic 
leukocytes similar to that which is commonl}’^ observed m asthma, with 
asthmatic symptoms This seems to be an unusual occurrence in 
periarteritis nodosa Lamb ® reports that in one of his cases the patient 
had suffered from asthma of inci easing severity, but this is the only 
reference to this condition which I have been able to discover 

4 The extensive involvement of the smaller blanches of the pul- 
monary artery The bronchial arteries have been found diseased in 
quite a few cases, but the pulmonary arteries rarely ^ (in Walter’s 
case the lesions were purely rmcroscopic) 

5 The infiltration of the pulmonary tissue itself with the develop- 
ment of small pneumonic foci full of eosinophils in which no bacteria 
could be demonstrated Monckeberg ® is the only one who describes 
similar lesions of the lung 

1 Hart Ueber Mesoperiarteriitis (Penartenitis nodosa), Berl klin 
Wchnschr 45 1305, 1908 Kunne uber Mesoperiarteriitis (Penartenitis nodosa), 
Frankfurt Ztschr f Path 5 105, 1910 Fishberg Zur Kenntniss der Periar- 
teriitis nodosa, mb Histopathogenese, Virchows Arch f path Anat 240 283, 
1923 

2 Fishberg Footnote 1 

3 Lamb Periarteritis nodosa — a Clinical and Pathological Review of 
This Disease with Report of Two Cases, Arch Int Med 14 481, 1914 

4 Monckeberg Ueber Penartenitis nodosa, Ziegler’s Beitr 38 101, 1905 
Kroetz Zur Klinik der Penartenitis nodosa, Deutsch Arch f klin Med 
135 311, 1921 Walter Beitrag zur Histopathogenese der Penartenitis nodosa, 
Frankfurt Ztschr f Path 25 306, 1921 

5 Monckeberg Footnote 4 
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necrotic infarcts The disease may also extend directly into the kidney 
tissue, causing a subacute interstitial nephritis, as in my case Com- 
monly also it IS associated with an apparently hematogenous nephritis 
of the general type of any acute or subacute glomerulonephritis 
Changes in the composition of the urine are therefore rarely missing, 
and in some cases death has occurred from uremia If the aneurysms 
are situated lather superficially underneath the capsule, they may 
rupture, causing large subcapsular hemorrhages These hemorrhages 
may cause death by acute anemia The lesions m the arteries may 
be largely limited to the kidneys, as in Fishberg's case,- or may extend 
down into renal pelvis meters and bladder 

In few cases an involvement of the arteries of the generative organs 
has been described (piostate, seminal vesicles, testes, uterus) In 
the testes the arterial lesions may produce hemorrhagic necrosis and 
cause swelling and tenderness in this organ 

The arteries of the spleen are often diseased and exhibit the same 
lesions as those in the kidneys, with the frequent production of more 
or less extensive and numeious infarcts in the splenic tissue The 
difituse infiltration of the pulp of the spleen and of the usually 
moderately enlarged lymph glands with eosinophils has already been 
alluded to In the more acute cases a typical enlargement and softening 
of the spleen may be present like that which is observed m other acute 
infections 

In the liver the most characteristic change is the development of 
peculiar white strands of fibrous tissue which follow the course of the 
diseased arteries but do not usually penetrate deeply into the liver 
tissue proper The arteries usually show nodular thickenings and 
multiple aneurysms Extensive thromboses are frequently observed m 
them and may lead to the formation of infarct-like areas in the hepatic 
tissue The larger arteiies at the hilus of the liver may be involved, 
and m one case death was due to rupture of an aneurysm of the 
hepatic artery into the peritoneal cavity 

The characteristic changes may also occur m the arteries of the 
gallbladder and here may lead to hemorrhages, necroses and ulceration 
m the wall of this organ, causing the appearance of symptoms of acute 
cholecystitis 

11 Bloch, Vera Ueber Penarterntis nodosa, Inaug Diss Zurich, 1913 
Walter Beitrag zur Histopathogenese der Penarterntis nodosa, Frankfurt 
Ztschr f Path 25 306, 1921 Harris and Friedrichs The Experimental Pro- 
duction of Periarteritis nodosa in the Fabbit with Consideration of the Specific 
Causal Excitant, J Exper M 36 219, 1922 Mertens Ueber Penarterntis 
nodosa mit Massenblutung im Nierenlager, Klin Wchnschr 1 1844, 1922 

12 Oberndorfer Em Fall von Penarterntis nodosa, Muncheii med 
Wchnschr 54 2618, 1907 Bombard Penarterntis nodosa als Folge einer 
Staphylokokkensepsis nach Angina, Virchows Arch f path Anat 192 305, 1908 

13 Monckeberg Footnote 4 

14 Klotz Periarteritis nodosa, J Med Res 37 1, 1917 
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The trouble may start acutel) with chills and fever or usually more 
insidiously The general course is that of a chronic obscure sepsis 
with rapidty progressive emaciation and great weakness and prostra- 
tion The temperature curve is irregular The fever is never high 
and more or less intermittent Many obser\ers haAe noticed that 
there are definite periods of exacerbation and remission There is 
often much sweating, especially during the periods of exacerbation 
The pulse rate is usually high, often quite out of proportion to the 
temperature Leukocjtosis is nearly always well marked and often 
continued and excessne In view of the presence of so many eosino- 
phils m the lesions, it is curious that eosmophilia has been noted a 
few times only — 51 per cent in one of Lamb’s two cases and 30 per 
cent in Lewis’ ® case, to a less extent m the case of Pickert-Menke ° The 
only other more or less constant SAmptom is an often severe and 
alwa 3 ^s very annoying intermittent pain in the abdomen This pain 
has not been fully explained, because it ma}’^ occur even in cases in 
which the abdominal arteries are only slightly involved or not at all 
It may be due to peritoneal irritation The disease in most cases 
progresses more or less rapidly to a fatal termination lasting from a 
few weeks to several months, sometimes a year or more Reco\eries 
have been observed m a few cases, usually after intensue antisyphilitic 
treatment, but they also seem to occur spontaneously, and it is suspected 
by some that lighter cases of the disease are not so infrequent and 
heal without producing any se\ere clinical symptoms 

Other symptoms which may arise depend very much on the locali- 
zation of the disease m the arteries of various organs 

The branches of the coronary arteries are most commonly invoked 
In them we find the typical nodules and frequentl}'- man}" small 
aneurysms Thromboses are also common, which may cause anemic 
necroses in the heart muscle Often the disease of the coronaries is 
associated with a more or less extensive myocarditis In view of these 
severe changes in the arteries and the musculature of the heart, it is 
astonishing that primary cardiac weakness is observed comparatively 
rarely It was well marked, however, in our own case and in that 
of Hart’s 

The next organ in frequency of involvement is piobably the kidney 
Here the lesions are often severe The nodules m the wall of the 
arteries are well marked, the aneur}sms numerous and the frequent 
thrombotic obstruction of them causes the formation of many anemic 

8 Lewis Report of a Case of Periarteritis nodosa, Proc Path Soc 
Philadelphia, n s 14 134, 1911 

9 Pickert-Menke Ueber einen Fall von Penarteriitis nodosa, Frankfurt 
Ztschr f Path 23 313, 1920 

10 Hart Footnote 1 
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esting- in this connection is the case of Frankel-Wohhvill ” In this 
patient, the arteries in the kidne} s and in the stomach were badly dis- 
eased There was also a marked peripheral neuritis, but Wohhnll 
reports that the arteries in the affected nerres were not diseased He 
concludes that the lesions m the nerves were evident!} due to some 
general toxic condition associated with the disease 

While the peripheral nenes are so frequently diseased, the central 
nervous S}Stem usually escapes entireh Only four cases are on 
record in wdnch the cerebral arteries were invoked In two of 
these multiple aneurisms had dei eloped, one of which had ruptured, 
in another-- the disease was limited to the small vessels of the pia, 
and multiple small hemorrhages w^ere found in the brain substance 
and in the last one there w^as present a large area of softening due 
to thrombosis of a diseased artery 

The nodules wFich sometimes occur in the small arteries of the 
skin ha\e alread}^ been mentioned also the important role which the} 
pla} in the clinical diagnosis of the disease The little aneurysm 
which may form in them ma} rupture and give rise to the production 
of hematomata In connection with the skin, attention should be 
called to the fact that m quite a number of cases various eruptions 
have been described, such as multiple erxthematous spots wuth and 
without hemorrhages, purpura rheumatica, crops of urticana and m 
one instance a t} pical erj thema nodosum 

Aneur}sms also sometimes form along the course of the superficial 
palpable arteries The} have been obseiwed in connection with the 
temporal and brachial arteries 

19 Frankel Penartenitis nodosa Munchen med Wchnschr 64 1538, 1917, 
and Wohhvill Penartenitis nodosa, Berl klin Wchnschr 55 94, 1918 

20 Ch\ostek and Weichselbaum Herdweise sjphilitische Endartenitis mit 
multipler Aneur 3 snienbildung, Allg Wien med Ztschr 22 257, 265, 275 294, 
312, 1877 

21 Dickson Poh arteritis acuta nodosa and penartenitis nodosa, J Path 
& Bacteriol 12 31, 1908 

22 Muller Ueber Penartenitis nodosa, Fetschr d stadt Krankenh 
Dresden-Fnedrichstadt, Dresden, 1899, p 458 

23 This case is also interesting because Muller in it disco\ered topical 
lesions in the retinal arteries A more careful in\estigation of the 03 es in 
future cases Avould seem to be indicated 

24 Longcope Periarteritis nodosa, with Report of a Case with AutopS 3 , 
Bull A 3 'er Clin Lab Penn Hosp 5 1, 1908 

25 Kussmaul and Maier Ueber eine lusher nicht beschriebene eigentum- 
liche Arterienerkrankung (Penartenitis nodosa), Deutsch Arch f klin Med 
1 484, 1866 IMuller Festschr d stadt Krankenh Dresden-Fnedrichstadt 1899 
p 45S Freund Deutsch Arch f klin Med 62.537, 1899 Schmorl Diskus- 
sion uber Bendas Vortrag uber “Aneuiwsma und S 3 philis,’' Verb d Deutsch 
path Ges 6 203, 1903 Von Haun Virchows Arch f path Anat 227 90, 1920 

26 Benedict Ueber Penarfenifis nodosa, Ztschr f klin Med 64 405, 1907. 
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The smaller branches of the gastnc and mesenteric arteries are also 
frequently diseased, showing nodules and aneurysmal dilatation The 
disease often extends down into the smallest branches m the submucosa 
of both stomach and intestines If theie is much obstruction in these 
smallest arteries hemorrhagic necroses and ulceiations occur in the 
mucous membrane These ulcerations in the intestines may become 
so deep that they cause acute perforation and death from acute general 
peritonitis The lesions may be practically limited to the gastro- 
intestinal tract Clinically the presence of such lesions might be 
suspected from the appearance of blood m the stools and from the 
occurrences of seveie diarrhea, which was a prominent symptom in 
some instances 

Pams in the muscles of the extiemities aie common and are usually 
due to an extensive affection of the small blanches of the arteries of 
the muscles with the development of many nodules and numerous 
small aneurysms An especially inteiesting clinical picture may arise 
when the small aiteries of the peripheral nerves are badly diseased 
This may be followed by a widespread degeneration of the nerves and 
the symptoms of a seveie progressive penpheial neuritis Here 
again in some cases the disease may be practically limited to the 
penpheial neives and the musculatuie Whether these two cases are 
really cases of periarteritis acuta nodosa is a little doubtful Most inter- 

15 Zimmerrnann Ueber zwei Fallc von nekrosirender Enteritis bei Morbus 
maculosus Werlhofii, Wagners Arch f Heilk 15 167, 1874 Lorenz Beitrag 
zur Kenntnis der multiplen degenerativen Neuritis, Ztschr f klin Med 18 493, 
1891 Verse Ueber Periarterutis nodosa, Munchen med Wchnschr 38 1809, 
1905 Periarteritis nodosa und arteritis syphilitica cerebralis, Ziegler’s Beitr 
40 409, 1907 Beitzke Praparate cines Falles von Periarterutis nodosa, Berl 
klin Wchnschr 65 1381, 1908 Ueber emen Fall von Periarterutis nodosa, 
Virchows Arch f path Anat 199 214, 1910 Meyer, S Zur klinischen 
Erkenntnis der Periarterutis nodosa und ihre pathologisch-anatomischen Grund- 
lagen, Berl klm Wchnschr 58 473, 1921 

16 Veszpremi Ueber die Periarterutis nodosa, Zieglers Beitr 52 476, 1912 

17 Kussmaul and Maier Ueber eine bisher nicht beschriebene eigeiitum- 
liche Arterienerkrankung (Periarterutis nodosa), Deutsch Arch f klin Med 
1 484, 1866 Meyer, P Ueber Periarterutis nodosa oder multiple Aneurysmen 
der mittleren und kleineren Artenen, Virchows Arch f path Anat 74 277, 
1878 Rosenblath Em seltener Fall von Erkrankung der kleinen Artenen der 
Muskeln und Nerven, die klmisch als Dermatomyositis imponierte, Ztschr f 
klm Med 33 547, 1897 Freund Zur Kenntnis der Periarterutis nodosa, 
Deutsch Arch f klm Med 62 537, 1899 Lorenz Beitrag zur Kenntnis der 
multiplen degenerativen Neuritis, Ztschr f klm Med 18 493, 1891 Schmmeke 
Ueber Neuritis bei Periarterutis nodosa. Verb d Deutsch path Ges 18 287, 
1921 Meyer, S Zur klinischen Erkenntnis der Periarterutis nodosa und ihre 
pathologisch-anatomischen Grundlagen, Berl klm Wchnschr 58 473, 1921 
Gerlach Ueber Periarterutis nodosa, Klm Wchnschr 1 467, 1922 

18 Damsch and Seitzke Ueber emen Fall von akuter Erkrankung der 
gesammten Korpermuskulatur der Kleinen Muskel und Nervenarterien, Fest- 
schrift fur Orth, 1903 Joffroy and Achard Nervite peripherique d’origme 
vasculaire. Arch de med Exper 1 229, 1889 
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The histologic lesions are of a distinctly inflammatory character, 
although the destructive lesions in the media may prevail to such an 
extent that the signs of inflammation may be overlooked, expecially 
with the more imperfect histologic methods in use at the time when 
some of the first cases were examined by Rokitansky and Eppinger 
Rokitansky suggested that the multiple aneurysms might be due to 
multiple tears m the musculo-elastic coat, and Eppinger attempted to 
explain this b}- assuming the presence of a congenital weakness of the 
wall of the diseased arteries Practically all later authors agree on 
the inflammatory nature of the disturbance One of the most char- 
acteristic features of it in the early cases is a tremendous infiltration 
of the adventitia with partly neutrophilic, partly eosinophilic poly- 
morphonuclear leukocytes mixed with a smaller or larger proportion 
of small lymphocytes and plasma cells Degenerative lesions in the 
media tending to the destruction of muscle and elastic tissue m some 
cases are early and severe, so that the aiteries may actually rupture, 
and hematomas or false aneurysms may develop Usually the 
degenerative changes m the media are more moderate and of 
slower development, beginning with a peculiar vacuolization of the 
musculature and ending m a more or less rapidly progressive destruc- 
tion of the elastic fibers The diseased muscle is invaded early by 
the leukocytes, and these may soon find their way into the intima 
The behavioi of this coat varies considerably In some cases it remains 
practically unaltered, in others, it shows a maiked collection of fluid 
underneath the endothelium, which, when hardened, coagulates into a 
hyaline substance m which there may be masses of fibrin Soon 
proliferative changes also become noticeable These begin in the mnei 
layer of the adventitia close to the muscle Large masses of cells 
resembling epithelioid cells are found in this region These promptly 
begin to invade the diseased musculature Among these cells one also 
finds new capillary blood vessels, and it is these cells that show the 
tendency to arrange themselves in small cellulai nodules which are 
often situated partly in the adventitia, paitly in the destroyed muscle 
The nodules are rich in small capillaries They do not show any 
tendency to central degeneration or to caseation Giant cells have not 
been found in them, although foreign body giant cells have been seen 
in one case in the media, which was the seat of a rapid disintegration 
This new cellular tissue may lun on into the intima or there may be 
a separate prolifeiation of the intimal cells as in our case, with later 
pioduction of fibrous tissue in both places Whether aneuiysms form 

32 Rokitansky Ueber einige der wichtigsten Krankheiten der Arterien 

Denkschr d K Akad d Wissensch Wien 4 1, 1852 ’ 

33 Eppinger Pathogenese, Histogenese und Aetiologie der Aneurysmen 
Das congenitale Aneurysma, Arch f klin Chir 35 Suppl 42, 1887 
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As stated above, lesions in the bronchial arteries have been noted 
occasionally, but a diffuse infiltration of the bronchial mucous mem- 
brane with asthmatic symptoms seems to be one of the unique feautres 
in our case 

It IS also difficult to understand why in most cases the pulmonaiy 
vessels should he entirely exempt and in Monckeberg’s and mv cases 
so badly diseased with marked extension of the subacute inflammation 
into the adjoining pulmonary tissue 

The liability of the seious membranes to participate in the process 
has not been sufficiently iecogni7ed This was quite a marked feature 
m our case and the presence of a true exudate in the pleural cavities 
was quite a puzzle to the clinicians The occurrence of subacute 
pericarditis, pleurisy or peritonitis oi se' eral of these conditions in 
various combinations has been described in many cases, hut no special 
attention has been paid to it and too little emphasis has been placed 
on the appearance of rathei characteristic, just visible, grayish nodules 
in these lesions 

In conclusion, it may he stated that minor lesions have been 
observed in the arteries of several other organs, sometimes with more 
or less involvement of the parenchyma, as, for instance, of those in 
the pancreas or the supiarenals 

It may he readily imagined what a bewildering variety of symptoms 
may arise when not one, hut sev'^eral systems are simultaneously 
involved, as is usually the case It is to he feared, therefore, that in 
spite of our better knowledge of the disease successful clinical diagnosis 
will remain a rare exception The fact that clinicians see it so larely 
will naturally contribute to tins result, there are seveial, however, who 
have observed more than one case (Kussmaul,-' Muller,"- Lamb,^ 
Klotz,^'* Vespremi Several cases have been seen at Fischer’s labora- 
tory in Frankfurt, five or more under Marchand at the Pathological 
Institute at Leipzig (Ferrari,^® Verse"*’), thiee in Philadelphia 
(Longcope,-'* Cooke,®’- and Lewis®) This would seem to indicate 
that the disease is not so excessiv^ely rare as vv^as hehev^ed at one time 

27 Kussmaul and Maier Deutschr Arch f klin Med 1 484, 1866 

28 Veszpremi and Jansco Zieglers Beitr 34 1, 1903 Veszpremi, Ibid 
52 476 1912 

29 Farrari Uebcr Periarteriitis nodosa und ihre Beziehungen zur Poly- 
myositis und Polyneuritis acuta, Zieglers Beitr 34 350, 1903 

30 Verse Ueber Periarteriitis nodosa, Munchen med Wchnschr 38 1809 
1905 Periarteriitis nodosa und arteriitis syphilitica cerebralis, Zieglers Beitr 
40 409, 1907 Diskussion zum Vortrag Jagers uber -vergleichend path Unter- 
suchungen uber Periarteriitis nodosa. Verb d deutsch path Ges 13 213, 1909 
Ueber totale Pfortader-obliteration und anamische Infarkte dcr Leber, ibid, 
p 314 Periarteriitis nodosa, Munchen med Wchnschr 64 1468, 1917 

31 Cooke A Case of Periarteritis nodosa, Proc Path Soc Philadelphia, 
n s 14 96, 1911 
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for m sections, but with a uniformly negative result The fact 
also that a disease identical with periarteritis nodosa occurs in 
various animals seems to make it impossible to accept syphilis as an 
etiologic factor Some believe that it may act as a predisposing factor, 
but even this appears doubtful 

If we exclude syphilis, as I think we are justified in doing, there 
remain two other possibilities which have been widely discussed 
(1) The disease is a special infection, “sui generis,” or (2) the 
lesions are the result of the action on perhaps predisposed arteries 
of various infectious or toxic agents, the latter having been suggested 
on account of the general inability to demonstrate bacteria in the 
sections 

The idea of a special infection derives its main support from 
these facts ( 1 ) A disease practically identical with it has been 
observed by Lupke in epidemic form in a herd of stags, (2) twice 
(v Haun and Harris and Friedrichs^") the claim has been made 
that there has been a successful experimental transmission of the 
disease to laboratory animals The experiments reported by von Haun 
are hardly convincing He inoculated guinea-pigs intraperitoneally 
with blood obtained from a patient suffering from periarteritis nodosa 
and again inoculated other guinea-pigs from these when they were 
sacrificed two months later No gross lesions were seen in any of 
the inoculated animals Microscopic examination revealed suspicious 
lesions about some of the smaller organ arteries, but von Haun states 
that these vascular lesions were not pronounced, and he doubts whether 
the guinea-pig is a suitable animal for such experiments Lamb ^ had 
inoculated guinea-pigs before von Haun, but with negative results, 
and Carling and Hicks recently repeated von Haun’s experiments 
in exactly the same way They even permitted some guinea-pigs to 
live longer than two months, but could not detect any characteristic 
lesions in them either grossly or microscopically 

The experiments of Harris and Friedrichs were performed on 
rabbits, in a more elaborate manner They injected emulsions from 

35 Lupke Ueber Penartenitis nodosa bei Axishirschen, Verb der 
deutsch path Ges 10 149, 1906 A histologic study of the lesions is given 
by Jaeger Die Penartenitis nodosa, Virchows Arch f path Anat 197 71, 
1909 The disease has also been found in other animals in cattle, by Guldner 
Virchows Arch f path Anat 219 366, 1915 and in hogs by Joest Ziegler’s 
Beitr 69 85, 1921 

36 Von Haun Pathohistologische und experimentelle Untersuchungcn uber 
Penartenitis nodosa, Virchows Arch f path Anat 227 90, 1920 

37 Harris and Friedrichs The Experimental Production of Periarteritis 
nodosa in the Rabbit, with a Consideration of the Specific Causal Excitant 
J Exper M 36 219, 1922 

38 Carling and Hicks A Case of Periarteritis nodosa Accidentally Recog- 
nized During Life, The Lancet 1 1001, 1923 
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depends fiist, on the extent of destruction in the musculature, and 
secondly, on the amount and resistance of the new fibrous tissue If 
the latter is voluminous, the lumen of the vessels is likely to be more 
or less completely obstructed Since the disease is usually focal, these 
masses of fibrous tissue in the wall of the small arteries produce a 
more coarsely nodular appearance The still larger nodules, from the 
size of the kernel of a cherry or larger, are usually aneurysms, which 
may become solidified by the organization of thrombus in them These 
multiple small aneur}>sms are the most striking phenomenon in many 
of the older cases They are not essential and are purely secondary 
developments 

A discussion of the exact seat of the primary lesions m the wall 
of the affected arteries, I believe, is futile, because soon all three coats 
become involved in the process 

ETIOLOGY or PERIARTERITIS NODOSA 

The question of the etiology of the condition is of much greater 
importance In regard to this, three theories have been advanced and 
are being supported by more or less convincing arguments by the 
various writers 

At the suggestion of Virchow, who had seen some of the sections 
of Kussmatil’s case, Kussmaul tentatively mentioned the possibility of 
a syphilitic origin, and since then this idea has found several advocates, 
most prominent among them being Verse, who has seen more cases 
of this disease than any one else In one of his papers published in 
Ziegler’s Beifiage in 1907, he makes a careful comparison between the 
findings in his case and several specimens of true syphilitic arteritis, 
and he arrives at the conclusion that the lesions in the two diseases are 
quite similar He is therefore inclined to believe that the disease 
may be a modified form of syphilis The existence of a certain simi- 
larity, especially in the older lesions of the tivo diseases, is undeniable 
but the incipient stages are quite different, the heavy infiltration with 
granular leukocytes does not occur in syphilis , the granulomas which 
form later do not caseate, the accumulation of a serofibiinous exudate 
also points to a much more active inflammatory process than that 
which IS caused by Spti ochaeta pallida The comparative rarity of a 
syphilitic history in patients suffering from periarteritis and the almost 
constant absence of a Wassermann reaction also speak against a con- 
nection of the lesions with a syphilitic infection If the lesions were 
truly syphilitic, they would be of an exceptionally acute nature and 
therefore should contain the infectious agent in large numbers In 
sixteen cases of periarteritis nodosa spirochetes have been searched 

34 Verse Zieglers Beitr 40 409, 1907 
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Klotz’ case showed a typical erythemia nodosum In one of the 
most acute cases of the whole series,^ the disease developed immedi- 
ately following an injury to the hand, with consecutive abscess forma- 
tion 111 the soft parts of the upper arm Unfortunately there is no 
record of a bacteriologic examination of the abscess, but the opening 
of it was followed by an erysipelatous condition of the adjoining skin 
During the course of the disease an erythema appeared on the skin 
elsewhere, which wandered from one place to another and in the end 
also showed a great resemblance to erysipelas The patient m 
Schrieber’s case was suffering from chronic nonsyphilitic ulcers of 
the skin of the legs when the disease developed, and the patient in 
Lewis’ ® had an infected lacerated wound of the scalp Kroetz’ 
patient had a septic infection of the urinary tract Endocarditis 
was present m five cases It was mostly acute, in some cases 
more chronic In Lamb’s, diplostreptococci were found on the diseased 
heart valves and m other parts of the body 

In the discussion of Lupke’s paper before the German Pathologic 
Society, Aschoff pointed out that apart from the possibility of a syphi- 
litic oiigin in periarteritis nodosa, a rheumatic infection also should 
be considered in view of the similarity of the “rheumatic” nodules to the 
small granulomatous nodules m periarteritis The rheumatic nodules, 
although usually confined to the adventitia, might destroy the media 
deeply (A characteristic case of this kind is given by Geipel 
Myocarditis, Munchen med Wchnschr 54 1057, 1907 ) 

If It is true that certain forms of nephritis are caused by infections 
of this character, the frequent coincidence of periarteritis nodosa and 
acute and subacute glomerulonephritis is highly suggestive In this 
connection, it is interesting to recall that in early glomerulonephritis 
eosinophils are commonly found in the lesions 

So far as the actual finding of streptococci is concerned, their 
presence has never been demonstrated m the lesions m spite of the 

43 Schreiber Ueber Penarterntis nodosa, Inaug Diss Konigsberg, 1904 

44 Kroetz Deutsch Arch f klin Med 135 311, 1921 

45 Muller Festschr d stadt Krankenh Dresden-Fnednchstadt, Dresden, 
1899, p 458 Benda Ueber die sog Penarterntis nodosa, Berl klin Wchnschr 
45 353, 1908 Lewis Report of a Case of Periarteritis nodosa, Proc Path 
Soc Philadelphia, n s 14 134, 1911 Lamb Arch Int Med 14 481, 1914 
Lowenberg Beitrag zur Klinik der Penarterntis nodosa, Med Klin 19 207 
1923 

46 Graf Ueber einen Fall von Penarterntis nodosa mit multipler Aneurys- 
menbildung, Zieglers Beitr 19 181, 1896 Rosenblath Ztschr f klin Med 
33 547, 1897 Freund Deutsch Arch f klin Med 62 537, 1899 Dickson 
Polyarteritis acuta nodosa and penarterntis nodosa, J Path & Bacteriol 12 31, 
1908 Oberndorfer Munchen med Wchnschr 54 2618, 1907 Bombard ' 
Virchows Arch f path Anat 192 305, 1908 Longcope Bull Ayer Clin Lab 
Penn Hosp 5 1, 1908 Veszpremi Zieglers Beitr 52 476, 1912 Lamb 
Arch Int Med 14 481, 1914 Klotz J Med Res 37 1, 1917 
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the diseased tissues intravenously into two rabbits, and from these 
they inoculated others with filtered and unfiltered tissue emulsions 
The animals lived from two to six and one-half months None of 
them showed gross lesions except labbit C, which died after one month 
This animal showed some rather coarse nodules in the lungs, which 
may have been due to embolism The authors give photomicrographs 
of the lesions, among which Figures' 8 and 11 are suggestive of a 
positive result I believe, however, that even these experiments are 
not entirely convincing Lamb also reports negative inoculation exper- 
iments in rabbits, and our own experiments with the same animal have 
been negative It must be stated, however, that the first inoculations 
by us were made about thirty-six hours after neciopsy and not 
intravenously hut intrapentoneally 

Whatever the final result of this experimental work may be, it is 
of value to look at the question from one more point of view and to 
study the apparently close relation which exists between peiiarteritis 
nodosa and the ill-defined group of suliacute and chronic “septic” 
conditions with so-called “rheumatic” S 3 miptoms and frequently associ- 
ated with endocaiditis Of the close pathologic relationship of these 
“rheumatic” piocesses theie is no doubt, but whethei they form an 
etiologic entity also by being caused by vaiious types of streptococci is 
not quite so certain There aie some, howevei, who still believe that 
rheumatic fever is caused by some as yet unknown special infectious 
agent One need not study man}’- cases of periarteritis to discover 
Its close relation to this group This has been commented on by 
many authois The evidence connecting the two conditions is of all 
kinds — clinical, pathologic and bactei lologic In several cases,®® there 
is a definite history of a lecent attack of rheumatism, m others, the 
disease was usheied in by an acute attack of tonsillitis,^® m one case 
with abscess formation During the course of the illness almost all 
clinicians have been impiessed with the resemblance of the syndrome 
to that of a slow, comparatively mild septic condition, and various skin 
eruptions have been observed which seemed to favor this impression 
These were either erythematous or resembled pui pura rheumatica 
In one case,®® the effloiescences were more of an urticaiial nature and 

39 Rosenblath Ztschr f khn Med 33 547, 1897 Muller Festschr d 
stadt Krankenh Dresden-Fiiednchstadt, Diesden, 1899, p 458 

40 Oberndorfer Munchen med Wchnschr 54 2618, 1907 and Bombard 
Virchows Arch f path Anat 192 305, 1908 Hart Berl khn Wchnschr 
45 1305, 1908, and Kunne Frankfurt Ztschr f Path 5 105 1910 Lamb 
Arch Int Med 14 481 1914 Klotz T Med Res 37 1, 1917 Mertens Kim 
Wchnschr 1 1844 1922 

41 Walter Beitrag zur Histopathogenese der Penartenitis nodosa, Frank- 
furt Ztschr f Path 25 306, 1921 

42 Zimmermann Wagners Arch f Heilk 15 167, 1874 Schreiber Inaug 
Diss Konigsberg, 1904 Lamb Arch Int Med 14 481, 1914 
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usually more focal in character and associated with moie cicatrization 
in media and adventitia than that which we ordinarily find in simple 
arteriosclerosis Any one who has studied an extensive pathologic 
material must recall cases of especially severe arteriosclerosis of the 
peripheral arteries with much scarring, with a marked tendency to 
dilatation and even to the development of aneurysms There are 
transitions from such cases to the more common type of arteriosclerosis 
in which the lesions are more strictly confined to the intima Personally, 
I should feel inclined to group all these changes together as arterial 
inflammations, particularly as I am becoming convinced nioie and 
more that primarily artei losclerosis is due to a true inflammation of 
the arterial wall, only modified later on by degenerative and reparative 
processes This would, of course, not mean that we should postulate 
an acute inflammatory beginning like that observed in cases of periar- 
teritis foi all cases of chronic arteriosclerosis The severe forms 
which I have alluded to actually may have a more acute beginning 
than we are now inclined to believe In fact, our general experience 
in this regal d makes it quite probable that we have been unduly 
skeptical in trying to visualize the early stages of this and other chronic 
inflammatory conditions When we do see these early lesions we are 
usually amazed at the tremendous involvement of the tissues I 
believe, however, that it is equally clear that even the earliest lesions 
m ordinary artei losclerosis are mild in character when compared with 
those in periarteritis, but this should not prevent us from trying to 
apply the lessons taught by the more acute disease to the more chronic 
conditions In this way we might obtain some clues in regard to the 
etiologic possibilities of the more obscure chronic conditions, we might 
also understand better their histogenesis and that of the lesions in the 
various organs which are so commonly associated with them 

CONCLUSIONS 

1 Periaiteritis nodosa is an acute inflammatory disease of the 
smaller arteries, usually focal in character, which may involve any 
and all vascular territories 

2 It probably starts in the adventitia, but soon involves all coats 
of the arterial wall and leads to the development of microscopic 
granulomatous nodules, later to coarser fibrous nodules in the wall of 
the affected arteries, and eventually to the formation of multiple 
aneurysms Thrombosis is common in the diseased arteries and may 
lead to necroses in the tissues (infarcts, hemorrhagic necroses and 
ulcers) 

3 The inflammation may extend from the arteries into the adjoining 
tissues The serous and mucous membranes are likely to become 
involved in the process 
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fact that sections have been carefully examined bactenologically in 
about one half of the cases Bombard reports finding few cocci in 
the peripheral zone of the lumen of a blood vessel, and Longcope-‘‘ 
observed a few cocci m sections of the kidney Blood cultures during 
life which were made in ten cases, sometimes repeatedly, uniformly 
remained sterile with the one exception of one flask in our case which 
contained streptococci Beitzke isolated streptococci from the heart 
blood at necropsy In our case, a guinea-pig which was inoculated 
intraperitoneally with an emulsion of diseased tissue died of acute 
streptococcic peritonitis I have already mentioned that in Lamb’s ® 
case a typical diplostreptococcus endocarditis was present Beattie and 
Douglas obtained a pure culture of streptococci from the subcapsular 
hemorrhage m the right kidney Jonas found streptococci in a 
culture from the kidney Lamb’s ® careful cultural work was entirely 
negative, except for his recovering streptococci in a tissue culture from 
one of the aneurysms of the heart The whole question of the relation 
of streptococcus infection to the disease has been most carefully studied 
by Klotz In both of his cases he recovered streptococci, in the first 
one from the gallbladder (St) cptococcus mitts) and in the second one 
from the heart blood, bile, subcapsular lymph channels of the liver 
{Sti eptococcus angmosus or SU eptococcns sahvanus) He also 
attempted to reproduce the characteristic lesions of the disease by 
inoculating the streptococci obtained from his cases about the celiac 
axis and into the anterior mediastinum of rabbits Sii eptococcus 
angmosus proved too virulent, killing the animals in twenty-four hours, 
but with the less virulent cultures at times a subacute periarteritis with 
slight involvement of the media was obtained On the whole, there is 
not much direct evidence of the importance of the streptococcus in 
periarteritis nodosa, but this is true also of other manifestations of 
this group of rheumatic conditions, the connecting link between which 
IS not plainly apparent at the present time It is possible that in such 
rheumatic conditions the streptococcus may play only the role of a 
frequent secondary invader 

Do these observations on periarteritis acuta nodosa add anything 
to our understanding of the more chronic diseases of the arteries in 
particular to our knowledge of arteriosclerosis^ In the chronic cases 
of periarteritis marked scarring of the walls of the affected arteries 
eventually develops, and a condition arises not dissimilar to severe 
arteriosclerosis of the peripheral arteries, although the lesions are 

47 Beitzke Berl klin Wchnschr 65 1381, 1908 Virchows Arch f path 
Anat 199 214 1910 

48 Beattie and Douglas A Case of Periarteritis Nodosa, J Path & 
Bacteriol 17 194, 1912-1913 

49 Jonas Periarteritis Nodosa, Munchen med Wchnschr 59 1685, 1912 



THE BACTERIOPHAGE IN THE TREATMENT 
OF INFECTIONS 

EARL B McKinley, md 

DALLAS, TEXAS 

It IS piematuie to draw elaboiate conclusions legaiding the efficacy 
of the bactenophage in the treatment of infections Howevei, we feel 
that oui success in a numbei of cases is of sufficient importance to 
present these cases at this time 

The bactenophage was found by d’Heielle ^ in 1917 m the stools of 
patients convalescing from dysenteiy The filtrates fiom broth cultuies 
of these stools exhibited an inteiesting phenomenon When added in 
amounts vaiying fiom 2 diops to 2 cc to 3 '’Oung broth cultuies of 
Shiga dysenteiy, it was found that these bacterial suspensions became 
limpid aftei a few hours in the incubatoi and weie as clear as watei 
When agai slant subcultures were made fiom these tubes, aftei seveial 
hours’ incubation one noted eithei a steiile slant (a pure culture of the 
bactenophage) oi multiple minute round clear aieas in which no bacteria 
grew, and these d’Heielle has called “colonies” of bactei lophages 
Touching one of these cleai areas with a sterile platinum loop, this 
“lytic substance” could be tiansplanted to other young broth suspensions 
of Shiga dysenteiy bacilli, and the phenomenon would again be lepeated 

Here, then, is a “substance” isolated from the intestinal tract of 
man which possesses the property of actually dissolving bacteria and 
which grows or increases at the expense of bacteria It cannot be 
described accuiately as bactericidal oi geimicidal, but it is lytic in that 
the oiganisms aie completely destroyed without fiagments remaining 
In 1915, Twort ^ observed a similar phenomenon, perhaps the same, 
though there is still contioversy legaiding this It is possible, howevei, 
that Hankin ^ in 1896 fiist obseived the phenomenon in the watei s of 
certain livers in India when working with the choleia vibrio, though 
we cannot be sure of this 

In brief, the bactenophage is a “lytic substance” which has the 
pioperty of dissolving bactei la D’Herelle believes it to be a living 
organism which parasitizes bacteria, although others have thought it 
to be enzymatic in natuie 

’^From the Department of Bacteriolofry and Preventive Medicine, Baylor 
University College of Medicine 

1 D’Herelle, F The Bactenophage, English edition, March, 1922 

2 Twort, F W An Investigation on the Nature of Ultra-Microscopic 
Viruses, Lancet, 2 1241, 1915 Researches on Dysentery, Brit J Exper Path 
1 237, 1920 

3 Hankin, E H L’Action bactericide des eux de la jumna et du gauge. 
Lancet 10 511-523, 1896 
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4 The etiology of the disease remains obscure, but the observations 
suggest some relation to subacute “septic rheumatic” infections 

5 The clinical picture of the disease is that of a subacute infection 
with local symptoms resulting from the more or less marked involve- 
ment of various organs 

ABSTRACT OF DISCUSSION 

Dr H E Robertson, Rochester, Minn I believe that periarteritis nodosa 
IS much more common than is ordinarily supposed It is probably true that 
virtually every granulomatus infection in the body gives rise to periarteritis 
nodosa to a certain extent We do not term it that because the involvement of 
the arteries is often not the chief feature of the disease In this particular 
disease it would seem that we were dealing not so much with a special cause 
as with a tissue specificity Perhaps that is a distinct disease, but the chances 
are probable that we are dealing with a form of rheumatic disease in which we 
have a tissue specificity , and this is true practically of every type of rheuma- 
tism with which we have to deal If we could only determine its specificitj — 
its pathogenicity we call it, but it is realty its specificity — we could probablv 
get a stage m a particular subject or particular animal at which anj organism 
might produce this sort of picture 

Dr William Ophuls, San Francisco Aschoff himself has suggested the 
great similarity, at times, of these granulatomas m periarteritis and his rheu- 
matic nodules A case m point has been published by Geipel So far as the 
frequency of the disease is concerned, I may say this that as the disease has 
become better known it has apparentlj’^ become more frequent There are also 
some investigators who have seen several cases For instance. Verse m Ger- 
many has mentioned in literature four or five cases and probably has seen 
more , m our own country there were three observed in Philadelphia within a 
comparatively short time So the disease is one that, when carefully searched for 
microscopically, is comparatively frequently found It may very well be over- 
looked if microscopic sections are not made Predisposition certainty plays a 
marked role m it It is only special types of individuals wbo develop peri- 
arteritis nodosa 
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cases of true typhoid fever and two cases of paratyphoid B infection 
treated with the bacteriophage Three of these patients received the 
treatment by simultaneous injection and ingestion, and the others by 
ingestion alone They state that within forty-eight houis defervescence 
with euphoria occuired, and the apyiexia remained permanent Two 
cases of typhoid fever in adults of the ataxo-adynamic form were also 
lepoited by these authors Both of these patients were said to have 
pronounced myocaidial involvement The apyrexia followed the treat- 
ment within forty-eight hours, but both cases terminated fatally The 
authors suggested that in these cases failure was probably due to a 
too long delayed intervention or to too small a dose in view of the 
seventy of the infection The usual amount given by mouth was 
2 cc and 1 cc by injection subcutaneously These authois describe 
a sudoral crisis which followed the administration in about two houis 
Two cases of pueiperal pyelocystitis were also reported by them due 
to B coh Each patient received 1 c c of an anticoli bacteriophage 
cultuie subcutaneously, and a permanent apyrexia ensued within forty- 
eight houis 

Courcoux ° has repoited a case of pyelonephritis, the fiist symptom 
of which was observed in a young woman at the sixth month of preg- 
nancy The bacteriophage was given by subcutaneous injection and by 
the injection of 15 cc directly into the bladder He states that there 
was considerable reaction for forty-eight hours, and then all symptoms 
subsided, the improvement amounting to a clinical cure, although B coh 
could still be cultivated from the urine 

Davison ^ has reported a series of twelve cases of bacillary dysenteiy 
in children, who were treated with the bacteriophage He concludes 
that the treatment did not influence the moi tahty or course of the disease 
He suggests that failure in these cases might be due to the fact that 
in the majority the treatment was commenced late m the disease The 
only two patients treated within the fiist week of the onset of the 
disease recovered 

Our cases represent a variety of infections We have administered 
the bacteriophage by nearly every route possible except intravenously 
and mtraspmally We have administered the material m amounts 
varying from 1 c c up to 50 c c At the outset we decided that some 
method should be devised of standardizing the bacteriophage so that we 
would have some fairly definite idea of the amount we were giving 
We have obtained our bacteriophages from a variety of sources 

6 Courcoux, A Pregnancy Pyelonephritis, Bull et mem Soc med d 
hop de Pans 46 1151, 1922 

7 Davison, W C The Bacteriolysant Therapy of Bacillary Dysentery in 
Children, Am J Dis Child 23 531-534, 1922 
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In Pait 2 of d’Heielle’s book he discusses the bacteriophage in 
disease He repoits five cases of bacillary dysentery in patients from 
6 to 70 years of age All five cases were due to the Shiga bacillus In 
the stools in each case the bacteriophage was present and active against 
the infecting organism All of these patients recovered Recovery, 
according to d’Herelle, was due to the presence of the bacteriophage in 
the intestinal tiact A sixth patient, a man, aged 56, was infected 
with the Hiss strain A bacteriophage was isolated which was lytic for 
a stock strain of the Hiss bacillus, hut only after twelve subcultures of 
the Hiss strain fiom the patient (in other words, when the organism 
was attenuated) did the bacteriophage become completely lytic for that 
organism This case terminated fatally, and at necropsy the Hiss 
bacillus was isolated fiom the heart blood D’Herelle belle^es this 
was a case of B dysenteiiae Hiss septicemia, and that death ensued 
because of failure of the intestinal bacteriophage to adapt itself to the 
Hiss strain responsible for the patient's infection In other words, in 
disease there appears to be a conflict between the infecting organism 
and the bacteriophage, and the disease has a fatal issue when the 
bacteriophage exerts no protective action thiough lack of adaptation 
to the infecting organism, or when the pathogenic oiganism acquires a 
lesistance to the bacteriophage, a “lefractory state" so called In a 
senes of other infections, including pyelonephritis (B cob), typhoid 
fever (mild and severe cases), avian typhosus (in epizootics and also 
where epizootics did not exist), in barbone (hemorrhagic septicemia 
of the buffalo) and in rats harboring B pestis, d’Heielle succeeded in 
isolating the bactei lophage which was lytic for the infecting organism 
in question All of this work is interesting from the comparative 
standpoint, but I shall not attempt to abstract it hei e since it is described 
in detail in the liteiature 

D’Herelle lepoited five cases of bacillaiy dysentery in patients from 
3y2 to 12 years of age, all of which were due to Shiga dysentery In 
each case the only treatment instituted was the ingestion of the culture 
of the bacteriophage All of these patients were having bloody stools, 
one as few as five to seven a day, and others so many that they could 
not be counted All of these patients were cured bactenologically and 
clinically and were dischaiged from the hospital from nine to fourteen 
days after admission 

Bruynoghe and Maisin ^ have reported the successful use of the 
bacteriophage by subcutaneous injections in conditions due to the staphy- 
lococcus and anthiax Beckench and Hauduroy ^ have reported five 

4 Bruynoghe, R , and Maisin, J Essais de therapeutique au moyen du 
bacteriophage du staphylocoque, Compt rend Soc de biol 85 1120-1121, 1921 

5 Beckench, A , and Hauduroy, P Le bacteriophage dans le traitement 
de la fievre typhoide, Compt rend Soc de biol 86 168, 1922 
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aching pain at times radiating from the scrotum on the left side up to the 
abdomen His best weight was 165 pounds (74 84 kg), twenty years ago His 
present weight is 133 pounds (60 3 kg ) and he says that he has been gradually 
losing weight since 1918 The Wassermann lest was negative 

Laboiatoiy ExatmnaiionK — The gastiic content showed a deficiency in 
hydrochloiic acid The bile and blood were normal The urine showed no 
albumin, no sugai and no casts, but occult blood was present on three 
examinations 

Ticatment and Coni^c — Dr H L Cecil was asked to sec the patient, and 
a diagnosis of stone in the left kidney was made, which was confirmed by 
roentgen-ray examination Di Cecil icmoved this stone on January 1 The 
patient made a rapid and uneventful recovery 

January 17 Examination of cathctcii/cd spceimens fiom each kidney 
revealed that both kidneys were loaded with staphylococci The right kidney 
was tieated with silver nitrate, and 8 cc of a staphylococcus bacteriophage were 
introduced through the catheter into the pelvis of the left kidney 

January 20 Specimens showed only a few staphylococci present in the left 
kidney, with moic in the right Eight cubic ccntimcteis of bacteriophage were 
introduced into the pelvis of the right kidney 

January 24 We were unable to cathctcri7c the left ureter Staphylococci 
still piescnt in the light kidney Eight cubic centimetcis of bacteriophage were 
again introduced 

January 27 Unable to catheten/e the left kidnej pelvis Few staphylo- 
cocci wcie obtained from right kidney Eight cubic ccntimcteis were again 
mtioduccd 

January 30 Specimens fiom both kidneys wcic negative for organisms 
Febiuaiy 15 Specimens were negative foi staphylococci The patient 
weighed 137 pounds (62 1 kg ) 

February 24 Voided specimen contained few cocci 
March 1 The patient’s condition was the same as on last examination 

June 12 The patient was feeling well and was cntnely relieved of 

symptoms 

In this case the lesnlts should not be emphasized too stiongly 
Pyelitis fieqnently cleais up of its own accoid aftei removal of stones, 
as in cases without stone At no time was theie any leaction follow- 
ing the administiation of the bactei lophage No stidoial ciisis was 
observed such as othei aiithois have desciibed 

Casi 2— //m /01 V— a I W, a laborer, aged 38, entered Dr M E Lott’s 
service on February 10 His family and past history was unimpoitant On 
Nov 24, 1922, the patient was building a fire escape foi a school house and 
was pulling up the lowci section of a balance traceway with a block and tackle 
when the timber gave way at the top of the building falling four stones, 
striking his left aim and knocking him from his feet 

Ticatment and Com sc — He was operated on, and a piece of bone about 4 
inches (1016 cm) long was removed The wound was badly infected and 
discharged piofuscly, having a bad odor On Fcbuiary 12, he was opeiated 
on a second tunc at this hospital, and the wire used in the fiist operation was 
removed The wound disohaiged continuously for two weeks, soaking the 
dicssings so that it was necessary to dress the arm two or three times daily 
Febiuaiy 26 7'wo and one-half cubic centimeters of staphylococcus bac- 
teriophage were injected into the wound and into the surrounding tissue 

Febiuaiy 27 Dining the pieccding twenty-four hours there had been 
scarcely any dischaige The same treatment was again instituted 

February 28 1 he condition was much improicd T here was practically 

no discharge The same treatment was again given 
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(McKinley®) A sample sent us by d’Heielle has been used for a 
control m testing our various filtrates The standard we have adopted 
in measuring the strength of our material is simple When we have 
tested a filtrate and found it to be positive for bacteriophages, the 
virulence has been increased by the technic described by d’Herelle until 
steiile agar slant subcultures are obtained At this point the filtrate 
(usuallv from 30 to 50 c c ) is placed in a large sterile test tube, and 
1 cc of a twelve-hour broth cultuie of the organism (from stock) con- 
taining two billion organisms is added to the filtrate The filtrate is 
incubated for twenty-four hours If the filtrate is lytic for this number 
of bacteria, the process is repeated on the second day, at which time 2 c c 
of a twelve-hour broth culture of the organisms are added The filtrate 
is again incubated for twenty-four hours It usually remains clear, 
and the piocess is repeated on the third day with 3 c c of a fresh young 
broth culture of the organism for which we are building the bacterio- 
phage On the fourth day, 4 c c of broth culture are added, and on the 
fifth day, 5 cc The lesult is a filtiate lytic for a total of about thirty 
billion bacteria m six days, for ten billion of which it had been lytic 
on the last day If the filtrate remains clear, it is of course unnecessary 
to filter, but as a piecaution we have always filtered the material and 
incubated the filtrate foi twenty-four houis to prove its sterility before 
administering it to the patient In the following cases we have used 
filtiates containing bacteriophages of the standardized strength I have 
described and adapted to the organism (McKinley °) causing the 
patient’s infection 

REPORT or CASES 

Case 1 — C F V, a dental student, a man, aged 41, married, came to see 
me on Dec 20 1922 The family histor 3 ' was not important He had had 
gonorrhea in 1900 and malaria in 1911, from which he was not entirely free until 
1914 He had never used alcohol He had used tobacco since he was 17 The 
present illness began in June 1918, while he was in France, with diarrhea, 
frequency of urination and exhaustion He passed from ten to twelve stools a 
day without blood, with little odor but considerable mucous After two weeks’ 
rest in the hospital, he was somewhat relieved Four weeks later he noticed 
a dull aching pain and a tender area about the size of a quarter beneath the 
costal margin on the right side, especiallj' marked following heavy work, 
long hikes, etc On September 24, he fell exhausted and was taken to the 
hospital, where a diagnosis was made of mucous colitis, gastritis and probably 
appendicitis He rested m the hospital for about a month, and then returned 
to the troops He said that the frequency of urination had continued, and he now 
began to notice pain and smarting in the urethra His condition remained about 
the same until March, 1919, when he passed about a quarter of a tea cup of 
creamy white, frothy material that burned and smarted exceedingly His condi- 
tion has remained the same until the present time He now complains of a dull 


8 McKinley, E B Further Notes on d'Herelle’s Phenomenon, 1923 J 
Lab & Clin Med , m press 

9 McKinley, E B Notes on d’Herelle’s Phenomenon, J Lab & Clin Med 
8 311-317, 1923 
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his right forearm Three days later the swelling ruptured On March 24, he 
was operated on, and the bone was curetted Roentgen-ray examination 
showed an osteomyelitis with sequestrum formation 

Examinahon — Examination on April 2 revealed a wound discharging large 
amounts of foul-smelling pus Two cubic centimeters of bacteriophage were 
given subcutaneously and 2 c c vvere injected into the lesion The infecting 
organism proved to be a staphylococcus 

Ticatvient and Comse — April 3 The lesion appeared to be much better, 
and there was little pus The same treatment was again instituted 

April 4 The wound was much improved There was only one small spot 
on the dressing where before the dressings were soaked with the discharge 
April 5 One cubic centimeter of bacteriophage was injected into the 
wound subcutaneously The wound continued to improve 

April 7 The same treatment was given as on April 5 The wound was 
healing 

April 11 The wound was healing There was no discharge Two cubic 
centimeters of bacteriophage were given subcutaneously 

April 20 The wound was about one-third its original size There was no 
discharge Two cubic centimeters of bacteriophage was given on dressing 
April 27 Only a narrow area was not healed There was no discharge No 
treatment was given 

May 31 The patient returned and said that his wound had been entirely 
healed for nearly three weeks ^ 

In this case also the interesting point to note is the marked decrease 
in the amount of discharge even after the first tieatment It is 
impossible of course to state whether or not this wound would have 
healed m six weeks after opeiation without the bacteiiophage treatment 
I feel, however, that the treatment with bacteriophage m this case as 
m the pi eceding case was directly responsible for the immediate decrease 
in the amount of discharge, and thus facilitated healing 

Case 4 — Histoiy — F N, a postal clerk, aged 39, entered Dr S Webb’s 
service on March 9 His family history was unimportant He had had the usual 
children’s diseases He had had pneumonia ten years before and influenza in 
1918 He had had no operations There was no history of venereal disease His 
present illness began three weeks before He was pitching mail with his right 
arm into various pigeonholes when he suddenly noticed a sharp pain m his 
right side under his arm The pain increased so that he stopped work the next 
day The following day he returned to work and worked two days He said 
that the pain was getting worse all the time, and it began to pain him when he 
breathed He went to bed and put a mustard plaster over his chest and side 
The pain became intense, especially on coughing or sneezing, and was located 
only on his right side and on the anterior surface of his chest He had had 
a mild cold for several months 

Examination — There were several badly decayed teeth and marked pyorrhea 
There was a dull area on the right side of the chest extending from the axilla 
to near the sternum and below the third interspace A change of level was 
noticed m lying down and siting up positions Vocal fremitus was decreased on 
the right side Laboratory examination revealed white blood cells, 17,000, 
polymorphonuclears 87 per cent Urinalysis was negative Fluid from the 
chest showed a specific gravity of 1 022, 96 per cent polymorphonuclears, 4 per 
cent mononuclears and a large amount of albumin There were many strepto- 
cocci m the smear Roentgen-ray examination showed an abscess in the lo\ver 
part of the right lung 
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February 29 The patient appeared much improved, and the wound was 
granulating well Four cubic centimeters of bacteriophage were injected 
deep into the wound The treatment was given about 10 o’clock in the morn- 
ing At noon the patient had a chill, and 1 o’clock the temperature was 101 F, 
and the patient was put to bed The temperature was 104 F , by 2 o’clock, 
the pulse rate was 120 Blood examination revealed white blood cells, 19,000, 
polymorphonuclears, 94 per cent By 4 o’clock the temperature was down to 
102 F , and at 7 o’clock that night it was normal The patient was up and 
around the next day, somewhat weak but otherwise as well as usual The 
wound was much improved, and there was no discharge 

March 4 The wound was healing, and the patient left the hospital 

The rapid decrease in the amount of discharge following the tieat- 
ment with the bactei lophage is the interesting fact to be noted After 



Fig 1 (Case 3) — Healed wound thirty-five days after beginning treatment 
with bacteriophage 

almost four months of infection, the patient was highly enthusiastic with 
the results obtained I do not feel that the reaction described was due 
to the material injected, but was due rather to the staring up of the 
infection (perhaps a pus pocket) deep within the tissues This is of 
course to be guarded against when injecting the material into infected 
wounds, although there appeared to be no lesistance to the flow of the 
material when injected in this case 

Case 3 — Hisiojy — L McN , a negro school boy, aged 14, entered Dr S D 
Weaver’s service on March 20 His family and past history was unimportant 
In December, he was carr\ing some heavy timber and noticed a swelling on 
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April 10 Two cubic centimeters of staphj'lococcus bacteriophage ^\ere 
injected into the discharging wound and subcutaneousb' around the wound 

April 11 The discharge was markedly decreased 

April 12 Two cubic centimeters of bacteriophage were again injected into 
the wound and subcutaneously around the wound One cubic centimeter was 
given subcutaneously into the right arm 

April 13 There was practically no discharge 

April 14 The wound appeared much improved There was practically no 
discharge 

April 15 The condition was about the same 

April 16 Two cubic centimeters of bacteriophage were again injected into 
the wound and subcutaneously around it Treatment was given at 8 o’clock in 
the morning At noon the temperature was 103 F The patient began to have 
cramping pains all over the body and marked emesis Chills were marked and 
lasted until 5 o’clock that afternoon 

April 17 The patient’s condition was a little improved The wound was 
healing well There was no discharge 

April 18 His general condition was much better His temperature was 
normal He had no chills He had little nausea but felt weak The wound 
was healing well 



Fig 3 (Case 5) — Healed wound on June 2 following treatment with the 
bacteriophage 

April 23 The patient’s condition was good The wound was healing 
There was no discharge The wound, formerly about 1 inch (2 54 cm ) deep, 
continued to heal, and on May 18 healing was nearly complete, except for a 
slight depression which contained a small amount of blood clot 

May 18 The blood clot was cleaned out, and a bacteriophage was placed 
on the dressing and laid over the wound The patient had a marked reaction, 
beginning about 8 o’clock that night, simulating the one described above, only 
more marked He was nauseated and had chills and fever for a week, together 
with marked swelling of the right leg and foot 

June 2 The wound was healed Roentgen-ray examination showed union 
of the fractured bones 

The effect on the drainage was as maiked in this case as in the 
cases ahead} described The leactioii in this patient we are inclined to 
attiibute to the piotein in the filtiate This is laigely suggested by the 
second reaction when the material was simply placed on the dressing 
and applied to the wound, which appealed to be piactically healed 
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Treatment and Conise — March 13 A nb resected and drainage instituted 
March 14 There was considerable drainage with a foul odor 
March 15 The condition was the same 

March 17 The condition was the same Thirty cubic centimeters of a 
streptococcus bacteriophage were injected into the cavity 

March 18 There was a large amount of drainage The odor was not so 
bad 

March 19 There was a small amount of drainage and hardly any odor 

March 20 Thirty cubic centimeters of bacteriophage were injected into the 
cavity There was little discharge and no odor 
March 21 The condition remained the same 
March 22 There was practically no discharge and no odor 
March 23 There was no discharge Twcnt 3 -five cubic centimeters of 
bacteriophage were injected into the cavitj' 

March 25 The patient was discharged from the hospital He said that 
he “felt fine ” 

May 15 The patient returned and said that he liad felt perfectly well since 
leaving the hospital 



Fig 2 (Case 5) — Wound on leg April 12, day of second treatment with 
bacteriophage 

In this case also the effect of the bacteriophage on the character 
and the amount of the discharge is to be noted The marked odor so 
frequently associated with these cases had disappeared in the couise 
of forty-eight hours following the treatment 

Case 5 — Hi^toiy — J N C, a sheet metal worker, aged 57, entered Dr M E 
Lott's service on October 11 His family and past history was unimportant 
On October 11, the patient was putting up a water gutter around the roof of 
a two-story school building when the scaffold fell, and he fell 30 feet to the 
gound, landing on both feet He suffered a compound commuted fracture of 
the right tibia and fibula and a crushing fracture of the os calcis, with dis- 
location of the astragulus of his left foot 

Treatment and Coutse-Mie. was brought to the hospital, and the bones ot 
his right leg were set and the leg put in a plaster cast The left foot was also 
put in a plaster cast On March 26, a piece of bone about 3 inches (762 cm ) 
long was removed from his right leg, and the cast reapplied The wound was 
badb’- infected with staphylococcus auietts 
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All other medication failed to give her any relief According to 
d'Herelle’s theory, this recurrence was due to the organism becoming 
“lefractory” to the bactei lophage 

Case 7 — Hisfoiy — T T E, a laborer, aged 23, entered Dr M E Lott’s 
service on January 28 His family and past history was unimportant On 
January 28, he fell from a 43 foot (1307 cm ) derrick and broke both arms and 
his right leg at the junction of the upper and middle third of the femur His 
leg was operated on, January 28, and bone splints were placed The wound 
had been discharging large amounts of pus (Staphylococcus aiuens) for four 
weeks before he entered the hospital 

Ticatment and Couisc — February 24 Three cubic centimeters of staphylo- 
coccus bacteriophage were injected into the wound and surrounding tissues 

February 25 No improvement was noted 

February 26 The patient’s condition was about the same Three cubic 
centimeters of bacteriophage were again injected into the wound and surround- 
ing tissues 

February 27 The discharge was markedly decreased 

February 28 Four cubic centimeters of bacteriophage were injected into 
the wound 

March 4 The wound was healing One sinus opening was completely 
healed There was a slight discharge of clear serum 

March 14 The wound was practically healed There was no discharge 

While the results m this case were not so immediate or so marked 
as in the previous cases of similar nature which were treated, the final 
lesult, so far as the infection was concerned, was satisfactory It will 
be noted that there was no reaction m this patient following the treat- 
ments with the bacteriophage 

In addition to the cases we have described above, we have treated 
two patients with sinus infection both giving a history of nearly four 
years’ duration One of these patients was operated on two years ago, 
when the maxillary antrum was opened He obtained no relief Both 
patients complained of a marked greenish foul-smelling nasal dischaige 
and headache The latter symptom was relieved m one when glasses 
were prescribed The other patient obtained no relief Both patients 
were given bacteriophage cultures in sterile atomizers, and were told 
to introduce the mateiial in the usual manner Both cases have run 
about the same course following the treatment A day after treatment 
there would be a profuse discharge, and then there would be no discharge 
for from ten days to two weeks, and then it would begin again After 
repeated and concentrated treatments, neithei case has cleared up 
entirely although both patients have obtained the temporary relief 
described Both patients were medical students In another student 
giving a history of a discharging left ear since he was 4 years old 
following scarlet fe^ er, we have introduced the bacteriophage mice 
amounts into the ear The first treatment was given into the ear on 
May 14, although he had previously received 1 cc subcutaneously on 
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Case 6 — Histoiy — Miss E L C, a school teacher, aged 27, entered Dr 
H G Walcott’s service on March 9 Her family history was unimportant 
The patient had had scarlet fever and whooping cough when a child, with 
good recovery Her appendix was removed five years before She had had 
influenza m February, 1922 At the end of the school year in 1922, she had 
had a nervous breakdown She had had a severe attack of dengue in November 
1922, which lasted three weeks Her present illness began in April, 1914, with 
diarrhea and cramping pains in the abdomen, which had lasted until she 
piesented herself Her stools were watery, but she had not noted any blood 
In April, 1922, the diarrhea became more marked, and she had had from six to 
ten stools a day up to the present time, and more marked during her men- 
strual period 

Examination of the stool showed the presence of the Flexner dysentery 
bacillus 

Tieatment and Coutse — March 12 The patient was given 30 c c of bac- 
teriophage lytic for Flexner d\sentery by the duodenal tube 
March 13 The patient’s stool showed Flexner dysenter} 

March 15 The patient had only three stools 
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Fig 4 (Case 5) — Reaction resulting from bacteriophage placed on dressing 
The continuous line indicates the temperature, the broken line indicates the 
respiration 


March 19 Thirty cubic centimeters of bacteriophage were given by the 
duodenal tube The patient had three stools The Flexner bacillus was not 
recovered from two stools 

March 23 There was one formed stool The patient had just passed 
through the menstrual period without diarrhea The stools had been formed for 
the preceding four days The patient was discharged from the outpatient 
department, and returned home 

May 30 A letter from the patient stated that she had been perfectly well 
but was again beginning to have diarrhea She was coming for an examination 
and further treatment 

Tieatment with the bacteriophage relieved this patient of her symp- 
toms within a few days, and she felt perfectly well for more than two 
months At no time during the last nine years had she been fiee 
from diarrhea, nor had she felt as well as duiing the last two months 








SUBACUTE BACTERIAL ENDOCARDITIS DUE TO A 
HEMOLYTIC HEMOPHILIC BACILLUS 

REPORT OF A CASE + 

C PHILIP MILLER, MD, and ARNOLD BRANCH, MD 

NEW YORK 

In an extensive literature on the bacteriology of subacute bacterial 
endocarditis, there has been no mention of the hemolytic hemophilic 
bacilli These oiganisms are closely related to the influenza bacilli, 
but they diffei from them in one important property — their ability to 
hemolyze red blood cells 

These mfluenza-like bacilli were first described in 1919 by Pritchett 
and Stillman,^ who lecovered them from the throats of healthy persons 
and grouped them undei the term “Bacillus X ” Rivers,^ m 1920, 
suggested that they be considered hemolytic strains of B influensae 
Later m the same year, Stillman and Bourne,^ defined their cultural 
chaiacteiistics Walker * ** encountered them in his woik on hemolytic 
streptococcus carriers Rivers and Leuschner,® m 1921, repoited on 
their occurrence in noimal throats They recalled that in 1918, at Foit 
Sam Plouston, members of the Pneumonia Commission had noted 
hemolytic colonies of gram-negative bacilli m throats of patients with 
measles Bloomfield,® in 1921, also noted then occuirence in normal 
pel sons and in patients with “common colds,” m whom, however, he 
did not regard them as of etiologic significance In a recent monogiaph 
on the hemoglobmophihc bacteria, m which he admnably leviews all the 
pievious work, Kiistensen'^ states that he has frequently encountered 
these bacteria, but only in healthy persons In his summaiy, he tabulates, 
the characteristics distinguishing the hemolytic hemoglobmophihc bacilli 
fiom Pfeiffer’s bacilli (o) They cause hemolysis (&) They occui 
only as saprophytes (c) They are less strictly dependent on hemo- 
globin (cf) They may have a coarser morphology (<?) They are 
slightly more difficult to keep m culture 

* From the Hospital of the Rockefeller Institute for Medical Research, 
New York 

1 Pritchett, Ida W , and Stillman, Ernest G J Exper M 29 259, 1919 

2 Rivers, T M Bull Johns Hopkins Hosp 31 SO, 1920 

3 Stillman, Ernest G , and Bourne, Janet M J Exper M 32 665, 1920 

4 Walker, J E J Infect Dis 27 618, 1920 

5 Rivers, T M , and Leuschner, Erida, L Bull Johns Hopkins Hosp 32 
130, 1921 

6 Bloomfield, Arthur L Bull Johns Hopkins Hosp 32 378, 1921 

7 Knstensen, Martin Investigations Into the Occurrence and Classifica- 
tion of the Haemoglobinophilic Bacteria, Copenhagen, Levin and Munksaaard 
1922 
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Apiil 30 without benefit On May 18, the discharge had completely 
subsided and was still absent on June 5, when the patient left school 
for his home after the wintei term 

In Dr H G Walcott’s service, we have treated three patients having 
a clinical diagnosis of subacute catanhal cholecystitis It is interesting 
to note that in the bile of all these patients B pyocyaneus has been 
isolated These patients have been given a stock bacteriophage by 
duodenal tube in amounts varying from 15 c c to 50 c c In these cases 
we have obtained complete lelief of symptoms lasting from two to three 
months, but all of the patients have come back with their former symp- 
toms, although not so marked At present we are treating a series of 
children suffering from dysentery by the ingestion method, which will 
be repoited latei 

CONCLUSIONS 

We have used the bactei lophage m a variety of cases I believe the 
time IS yet prematuie to draw elaboiate conclusions regaiding this 
method of treating infectious processes , however, it will be seen that in 
practically all of the cases desciibed we have had some degree of success 
The results aie encoui aging, but I do not feel that they wan ant an^ 
bioad statements at this time We have administered the bacteriophage 
subcutaneously, by duodenal tube, into wounds, on diessmgs, by ureteral 
catheter, mtranasally, intra-aurally and by ingestion m amounts varying 
fiom 1 c c to 50 c c We have had no bad reactions other than in the 
two cases described in this paper In a few instances, following the 
subcutaneous administration little “lumps” ha\e foimed under the skin 
in the subcutaneous tissue, which have been slightly painful but which 
ha\e quickly disappeared That the bacteriophage is harmless has 
been amply proved by the comparatively large amounts which we 
have given Indeed in one case Davison gaAe over 1,300 cc without 
bad effects These cases are not given as pi oof of cuies, but as obsei- 
vations which lend encouragement for future woik with the hope 
that such work will develop this new weapon foi fighting infection, a 
weapon which holds enormous potential possiliilities 
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tion to the musical Over the aortic area the first sound was distinct, the 
musical murmur very faint, the second sound was pure No diastolic murmur 
was heard anywhere The rate was rapid, the rhythm regular 

There was no dulness over the lungs Over the entire lower half of the chest 
posteriorly, and in the lower axillae on both sides were heard inspiratory and 
expiratory rales — sonorous, sibilant, and occasionally coarsely crackling Spoken 
and whispered voice sounds and tactile fremitus were normal 

There was no tenderness over the abdomen The edge of the spleen, quite 
firm, was felt 1 cm below the costal margin The liver was not palpable 
A few cervical and axillary superficial lymph glands were felt on each side 
There were no palpable epitrochlears 
There was no vaginal discharge 

There was no clubbing of the fingers, no pretibial edema and no petechiae 
anywhere on the body The skin ever 3 'where was dry and coarse, in places 
suggestive of mild ichthyosis The left knee was slightly red over the patella, 
there was no tenderness, pain on motion or swelling The other joints were 
normal 

The elbow, knee and ankle reflexes were active and equal on both sides ‘There 
was a crossed Babmski sign 

The results of blood culture are given in Table 1 The leukocyte count was 
16,260 The differential count was lymphocytes and large mononuclears, 15 per 
cent , transitionals, 14 per cent , polymorphonuclear neutrophils, 68 7 per cent , 
polj'morphonuclear eosinophils, 1 3 per cent , unclassified, 1 per cent The 
erythrocytes were pale, but otherwise normal 

In the urine was found a trace of albumin, no sugar, a few red blood cells 
and a few white blood cells 

The stereoscopic roentgenogram of the chest showed that for a child of her 
age, the lungs showed rather marked linear shadows extending, fanlike, from the 
hilus The apices were clear There was no indication of pulmonary infarction 
The 2-meter plate showed a generalized enlargement of the heart The transverse 
diameter was 12 5 cm , the longitudinal diameter, 13 5 cm The area of the heart 
was 101 3 sq cm and the angle 40 degrees 

Cowse of Disease — On November 9, the general condition was unchanged 
The patient was still coughing She was quite drowsy Typical petechiae were 
seen in the morning as follows one in the left lower conjunctival sac, several 
on the buccal mucous membrane and one on the chest There was no sternal 
tenderness 

In the third interspace just to the left of the sternum the first sound was loud 
and slapping, resembling that heard in mitral stenosis In the first space to the 
left of the sternum was heard a soft, blowing systolic murmur There were no 
irregularities in rhythm 

There was no tenderness over the left knee The distal phalanx of the fourth 
right toe was tender, but not painful 

Results of blood culture are given m Table 1 

November 10 For the two preceding nights there had been profuse dia- 
phoresis The preceding night the patient vomited twice, two and one-half and 
four hours, respectivelj', after supper, and again on the morning of the tenth, after 
breakfast The patient slept only in short naps during the night In the morning 
she was sleepy and irritable There was one petechial spot on the right buccal 
mucous membrane The right fourth toe was no longer tender There Avas 
superficial tenderness over the patella of the left knee, with an area of redness 
about 1 cm m diameter in its middle Movement of the joint was painless until 
it was flexed far enough to make tension on the skin over the patella The heart 
sounds Avere unchanged There Avas a small red subcutaneous spot showing 
through the skin over the palmar surface of the distal phalanx of the right ring 
finger , it Avas not tender 

The leukocyte count Avas 22,400 The differential count Avas lymphocjdes and 
large mononuclears, 146 per cent , transitionals, 174 per cent , polymorpho- 



912 


ARCHIVES OF INTERNAL MEDICINE 


We shall recoid the following case, the fiist to be reported in which 
one of this gioup of oiganisms has been associated with a fatal 
pathologic process 

REPOKT or A CASE 

Histoiy — G W, an American school girl, aged 12, was admitted to the 
Hospital of the Rockefeller Institute for Medical Research on Nov 8, 1922, 
complaining of fever Her family history w^as negative for rheumatism and 
heart disease She had had uncomplicated measles and whooping cough at 3 
years of age For several years she had had periodic attacks of vertigo, 
preceded by vomiting, w'hich were promptly relieved by lying down She 
was usually kept m bed for one or two days following such an attack In 
June, 1922 (five months before admission), she had had an attack of lausea 
and vomiting resembling an ordinary “dizzy spell ” On going to bed the 
symptoms disappeared, and she felt w'ell Tw'o da 3 '^s later she w^as taken to 
her family physician, who diagnosed “heart disease ” He informed us that he 
heard a systolic murmur for the first time on that daj', although he had examined 
her heart manv times m preceding j'ears She w'as put to bed for tw'o w^eeks 
and was seen bj her physician several times She had mild fever for a few 
days, the highest temperature being 102 F by mouth During this period she 
had no pain, no shortness of breath, no cough and no sw'elhng of the feet At 
the end of the attack there was an appreciable pallor, enough to evoke comment 
by her friends, but in a few' weeks her normal color reappeared and she returned 
to school feeling well in every way She was able to climb tw'o flights of stairs 
four times a day without breathlessness, palpitation or fatigue 

On Sept 25, 1922 (six w'eeks before admission), an attack began wuth nausea 
and vomiting, follow'ed by a severe chill The following day the only symptoms 
were slight nausea and anorexia That day her physician repeated his diagnosis 
of “heart disease,” and from that time observed, at each visit, a mouth tempera- 
ture of 101 or 102 F About two weeks before admission she began to have 
shooting pains in the left knee, w’lthout tenderness, pain on motion, or swelling 
Later, on one or two occasions, there w'as observed tenderness over its mesial 
surface and also a spot of redness, about 4 cm in diameter, over the patella 
There was never tenderness about the hamstrings or popliteal space From the 
history, therefore, the existence of a true arthritis seems improbable On Nov 1, 
1922, she began to cough , the following day her temperature was found to be 
103 5 F , and she wms thought to be suffering from a mild bronchitis The cough 
persisted until admission on November 8 

Physical Exaimnation on Adnnssion — The patient was a well developed, but 
poorly nourished girl, pale and not cyanotic She lay quietly m bed, apparently 
free from discomfort The skull and scalp were negative The eyes were 
normal , no icterus or petechiae were present The nose and ears were negative 
In the mouth were several decayed teeth The posterior pharj'ngeal wall was 
slightl}' reddened The tonsils were not large On the buccal mucous membrane 
were three small red spots, less than 1 mm in diameter, suggestive, but not 
typical, of petechiae There were no cranial nerve palsies The chest was 
symmetrical , both sides moved equally’ on respiration 

There was no precordial tenderness or cutaneous hyperalgesia Area of 
Cardiac Dulness In the second space, it extended 2 5 cm to the right from 
the midlme and 4 cm to the left, in the third space, 3 cm to the right and 
6 cm to the left, in the fourth space, 8 5 cm to the left, in the fifth space 
stomach tympanj' was present The point of maximum impulse was in the fourth 
space, 6 5 cm to the left of the midsternal line At the apex, the first sound was 
replaced by a high-pitched, musical murmur, which was followed immediatel} 
by the second sound As the stethoscope was moved upward and to the right, the 
first sound became audible in the third space, just to the left of the sternum 
It was followed by a systolic murmur which had a blowing quality in addi- 
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Blood CuHtties — Blood from which cultures were to be made was withdrawn 
from a vein at the bend of the elbow into a graduated syringe, carried to the 
laboratory and inoculated at once No anticoagulant was used The bactenologic 
data are tabulated in Table 1 Unless otherwise noted, the cultures were aerobic 
All were incubated at 37 C and examined each day for evidence of growth 
No growth occurred in any of the anaerobic cultures, and growth in the first 
generation of the aerobic cultures was slow, becoming visible to the naked eye on 


Table 1 — Blood Cultutes 


Culture 


Qu intitj of 



Num- 

Date 

Blood 

Medium 

Result 

bcr 


Inoculated 



W25 

Nov 8 

Anprovimately 

Dextrose agar plate, after set- 

3 colonies after 4 days' 


6 15 
p m 

1 5 c c 

ting the plate was covered 
with 1 tubeful of plain agar 

incubation 


ApproMinately 

Dextrose agar plate, after set- 

3 colonies after 4 dajs’ 



1 5 c c 

ting the plate was covered 
with a tubeful of plain agar 

incubation 



Approximately 

50 c e dextrose broth 

Clouding after 2 days’ in- 



See 


cubation 



Approximately 

150 c e dextrose broth 

Clouding after 2 days’ in- 



5 c c 


cubation 

W26 

Nov 9 

Approximately 

Dextrose agar plate 

2 colonies after 4 days’ 


4 SO 

Ice 


incubation 


p m 

Approximately 

1 c c 

Approximately 

Ice 

Approximately 

Dextrose agar plate 

No growth 



Plain agar plate 

No growth 



Dextrose agar deep tube 

No growth 



1 Sc c 

Approximatelj 

50 c c dextrose broth 

Clouding after 3 days' in 



1 5cc 


cubation 



Approximately 

50 c c dextrose broth 

Clouding after 3 dajs' in 



See 


cubation , 

W30 

Nov IS 

Between 0 5 c c 

Dextrose agar plate, after set- 

30 colonics after 4 days’ 


11 30 

and 1 5 c c 

ting covered with a tubeful 

incubation 


a m 

Between 0 5 c c 

of dextrose agar 

Plain agar plate, covered as 

20 colonics after 4 days’ 



and 1 5 c c 

above 

incubation 



Between 0 5 c c 

Plain agar plate, covered as 

5 colonics after 4 days’ 



and 1 5 c c 

above 

incubation 



Between 0 5 c c 

3 plain agir plates placed in 

No growth 



and 1 5 c c 

Brown anaerobic jar, exam 
incd on 2d and 7th days 




2 c e 

50 c c dextrose broth 

Granular growth at bot- 





tom after 3 days 



4 c e 

150 c c dextrose broth 

Granular growth at bot 





tom after 2 days 



See 

100 c c flask dextrose broth 

No growth 




filled to the neck, containing 
piece fresh sterile potato 




See 

Same— petrolatum sealed 

No growth 

W31 

Nov 15 

1 ce 

50 e c plain agar containing 

No growth 


4 50 


5 c c ascitic fluid— 2 large 


p m 

2 c c 

plates poured 

50 c c plain agar containing 

No growth 




5 c c ascitic fluid— 2 large 
plates poured 




5 c c 

Added to 85 cc distilled water. 

(One plate contaminated 




centrifuged at high speed for 

by surface spreader) , no 




25 minutes, sediment taken 
up In 3 cc dextrose broth, 
added to 100 cc plain agar 
containing 10 c c ascitic 
fluid, 4 large plates poured 

other growth 


the third and fourth days of incubation m dextrose broth and on the fifth day in 
plates , the plates also showed a distinct increase in the colony count between 
November 8 and November 13, eight and three days, respectively, before death 
In the plates, the colonies were very small, slightly greenish by transmitted light 
and surrounded by a small zone of clearing After several transfers, surface 
colonies on freshly poured blood-agar plates became visible at the end of twenty- 
four hours A more detailed study of this organism was made by Dr Ernest G 
Stillman, who reports “The organism is a small, nonmotile, gram-negative 
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nuclear neutrophils, 65 per cent , polymorphonuclear eosinophils, 1 per cent , 
unclassified, 2 per cent Urinalysis revealed a trace of albumin, no sugar, a 
few white blood cells , no red blood cells She did not vomit after taking 0 3 gm 
chlorotone in the morning 

November 11 In spite of sedatives, codem and barbital, she had slept little 
The unproductive cough continued She complained of bilateral frontal headache 
There was no tenderness on pressure over the frontal sinuses or antrums There 
were two new petechiae m the right conjunctiva and several in the mouth , none 
could be seen on the skin, but they might readily have been obscured by the hyper- 
keratosis Heart No thrill was palpable The musical quality of the systolic 
murmur had changed to a high-pitched, whirring sound, loudest over the third 
and fourth interspaces just to the left of the sternum, slightly roughened over the 
pulmonic area The pulmonic second sound was accentuated The action was 
still rapid and regular The condition of the lungs was the same as on admission 
November 12 The patient slept much during the day, but was restless at 
night The only change in her physical condition was an increase in the intensity 
of the first and second heart sounds, a more forceful precordial impulse and 
increased redness of the skin over the left patella 

November 13 The patient’s condition was unchanged The results of blood 
culture are given in Table 1 There were 15,860 leukocytes The differential 
count revealed lymphocytes and large mononuclears, 16 per cent , transitional 
cells, 14 7 per cent , polymorphonuclear neutrophils, 67 1 per cent , polymorpho- 
nuclear eosinophils, 0 6 per cent , polymorphonuclear basophils, 0 3 per cent , 
unclassified, 1 3 per cent The erythrocj'tes showed a distinct basophilic stippling 
and moderate anisocytosis 

November 15 On November 14, 4 gm of neocinchophen (0 13 gm per kilo- 
gram body weight) were administered by mouth without any effect on the tem- 
perature The only symptom of drug action was increased perspiration, which 
had been fairly marked every afternoon and evening On the morning of Novem- 
ber 15, the patient looked a little worse — paler There was one new petechial spot 
in the mucous membrane of the mouth 

There was less tenderness over the left patella, no new areas of tenderness 
had developed in the fingers or toes, and none over the sternum or ribs In the 
fourth interspace just below the nipple, was heard a murmur which resembled 
a presystolic crescendo The rate was very rapid, the rhythm regular The 
whirring sound was heard only in the lower precordium In the pulmonic area 
the blowing murmur was a trifle louder and rougher than on the preceding day 
The results of blood culture are given m Table 1 

Urinalysis revealed a trace of albumin, a few red blood cells and a few white 
blood cells 

November 16 On the preceding day the patient received 4 gm of neocin- 
chophen It was her birthday, but she showed no interest in gifts or a party 
which was arranged for her In the morning of November 16 she looked appre- 
ciably worse , the pallor had increased and was extreme There were no 
new petechiae She was clear mentally Both radial pulses were imperceptible 
The only change in the heart murmurs was that the first sound had lost its slap- 
ping character There was dulness over both bases of the lungs with sonorous 
and sibilant rales There were no crepitant rales The reflexes were brisk The 
crossed Babmski sign was still present There was little tenderness over the left 
patella this morning , the redness had decreased ' 

The blood film revealed very pale erythrocytes, marked basophilic stippling, 
moderate anisocytosis and poikilocytosis 

8 30 p m The condition remained unchanged until about 8 p m , when the 
attendant noted an alteration in the breathing A few minutes later the patient 
was unconscious, and in Biot’s respiration, the precordial impulse was imper- 
ceptible, the knee reflexes were still present The Babmski sign was absent 
There was no muscular contraction Respirations continued for several minutes 
The aneurysm of the abdominal aorta, found postmortem, was entirely unsus- 
pected clinically 
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bacillus in being hemolj'tic B peitussis and the Mora\-A\enfe!d bacillus are 
not true hemophils The hemoljdiC hemophilic bacillus, described b}"^ Davis," grew 
much better under anaerobic than under aerobic conditions, and failed to grow 
at room temperature 

The organism described falls, therefore, into the group of hemolytic hemo- 
philic bacilli Whether this group should be classified with the influen/a bacilli 
or set apart by itself is an academic question which cannot be dealt with in 
this paper 

Agglutination — The organism was agglutinated by the patient’s serum in dilu- 
tions of 1 160 Serums obtained on November 9 and November 13 were used 

No 462.0, GW 

Day Of disease 
Date 
Pulse Temp 

150 106 

140 105 

130 104 

120 103 

110 102 

100 101 

QO 100 

80 99 

TO 98 


Weight (Rg) 
33 
32 
3i 


Fig 1 — Pulse rate and temperature of patient while in hospital 

Technic A satisfactory suspension of organisms was obtained by resuspend- 
ing in 20 c c of plain broth the centrifuged sediment of a twenty-four-hour blood 
e\tract-broth culture (50 cc plain broth containing 05 cc blood extract prepared 
according to the method recommended by Wollstein) Serum dilutions were 
made in plain broth , to each 0 5 c c of the mixture was added 0 5 c c of the 
suspension of organisms The agglutinations were made in duplicate, one set 
incubated at 37 c , the other at 55 C At the end of three hours they w ere read, 
placed in the refrigerator and read again the following morning Only the final 
readings are recorded (Table 3) 
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bacillus which takes the counterstam deeply and exhibits varying degrees of 
pleomorphism Some of the rods m eighteen-hour blood broth cultures show 
definite beading and bipolar staining Surface colonies after eighteen hours’ incu- 
bation on rabbit blood agar appear as small, almost pm-pomt elevations surrounded 
by a definite zone of true hemolysis Hemolysis occurs also around the deep 
colonies After thirty-six hours they vary from 1 to 2 mm in diameter, and have 
an opaque, yellowish center surrounded by a transparent, slightly serrated border 
The organism grows readily in blood broth, causing no hemolysis, but producing 
a dark yellowish green color m the supernatant fluid after a few days On the 
other hand, growth is initiated with difficulty in subcultures on blood agar plates 
It did not grow on sheep serum agar, ascitic agar, or glucose agar , on oleate agar 
it grew poorly In Dunham's peptone solution enriched with 2 per cent blood 


Table 2 — Ncaopsy Culluies, Nov 17, 1922 


Num 

ber 

Material 

Medium 

Result 

W 32 

About 03 p c blood lutli 
draun from right auri 
cle 

Dec dextrose bioth tube 

No groMtb 


15 cc blood ■ttitbdn'nii 
from the left ventricle 

Dextrose agar plate ^ 

Mini eolonies on 3d daj — 
pure culture, same organism 
rceoicrcd from blood dunng 
life 

1 

About lee blood n ith 
dravn from left ven 
tricle 

5 c c dextrose broth tube 

Clouding on 4th dsy— pure cul 
ture, same organism 

W 33 

Pus from sphenoid sinus 

Streaked on frcshlj 
poured dextrose blood 
agar plate 

Hentj growth, onlj one type 
of colons — pneumococcus, 
Group 4 


Pus from sphenoid sinus 
One loopful 

5 c c dextrose broth 

Xo growtli 


Table 3 — Aggluitnatiou 



Patient’s Serum, 

1 

! Patient’s Scrum, 

Control Normal 

Broth Control 


November 9 

No\ ember 13 

Human Serum 

(No Scrum) 

Piml 

Incu- 1 

Incu 

Incu 

Incu 1 

Incu 

Incu * 

Incu ' 

Incu 

Serum 

b ited 

bated 

bated 

b ited 

bated 

bated 

bated 

bated 

Dilution 

at 37 0 

1 

at55C 

at 37 C 

at 55 C 1 

at 37 0 

at55C 

at 37 0 

at55C 

1 10 

++++ 

+++ 

++++ 

+ + + + 


-t- 
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extract the growth was luxuriant Using this as a substrate, acid was produced 
in glucose, galactose and maltose, but not in levulose, saccharose, lactose or 
mannite It did not produce gas The final hydrogen-ion concentration in 
Dunham s peptone solution containing glucose and blood extract was pa 62 
It did not produce iiidol Five-tenths cubic centimeter of an eighteen-hour 
culture failed to kill white mice and guinea-pigs In blood broth it remained 
viable for two weeks at icebox and at room temperature ” 

This organism can be readily differentiated from such other small, nonmotile, 
gram-negative bacilli as B mallet, B abottus B mchtensis, B pestts and 
B tnlai ense by its inability to grow in mediums not containing blood or blood 
extract It differs from B tnflueiiaac, B hemoglobtnoplnhts-cams and the Ducrey 


8 Blood extract was prepared according to the method recommended by Woll- 
stein, Martha J J Exper M 30 555, 1919 
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embohc myocarditis, glomerular nephritis, multiple infarcts of the spleen, kidney 
and heart, dissecting aneurysm of the abdominal aorta, multiple petechiae in the 
skin, conjunctivae, buccal mucous membrane, pleurae and meninges , acute local- 
ized meningitis , ascites and hydropericardium , bilateral sphenoiditis and eth- 
moiditis (pneumococcus. Group 4) 

There was marked pallor, good physical development and poor nutrition 
The precordial area was small, there were no pleural adhesions Ther’ 
were a few petechiae on the visceral pleura The peiicardial cavity contained 
about 60 c c of clear, serous fluid , grossly, the pericardium was normal 

The heart weighed 240 gm The musculature was pale, mottled and non- 
friable , the vessels stood out as reddish dots The left ventricle measured 1 4 cm , 



Fig 3 — The aorta at its bifurcation into the common iliacs , dorsal aspect 
A indicates the large anuerysmal orifice, B, the lumen of the right iliac artery 
indicated by the straw and encroached on by the aneurysmal contents , C, the 
dissecting aneurysm in the wall of the right common ihac 

the right ventricle 04 cm m thickness The opened mitral valve measured 8 un 
On the aortic cusp was an irregular, pale, pink vegetation, which measured 24 by 
1 8 by 1 cm , only slightly friable and firmly attached to the free edge It 
involved the chordae tendineae, but did not extend for any appreciable distance 
onto the auricular surface of the valv.e There was a small aperture in the 
vegetation at its attachment to the valve edge Elsewhere this cusp showed no 
gross lesion On the nonaortic leaflet anteriorly there was a smaller, irregular 
tonguelike vegetation measuring 4 mm in diameter The remainder of this cusp 
showed a row of thicklv deposited, fairly adherent verrucae along its line of 
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Summary — A diagnosis of “heart disease” was made in the case of a school 
girl, 12 years old, who fi\e months before admission to the hospital had an attack 
of fever lasting two weeks without other symptoms Three and a half months 
later she had a second attack of fever with progressive anemia terminating in 
death on the fiftieth day She was in the hospital for nine days There was a 
systolic murmur of varying quality Superficial tenderness over one patella, 
tender finger tips and toes, petechiae in the skin, conjunctiva and oral mucosa 



2 The heart opened to expose the mitral valve and vegetation , A, the 
smaller vegetation on the nonaortic cusp with adjacent row of verrucae 


were present The spleen was palpable Moderate leukocytosis and low grade 
hematuria were present The patient had bacteremia, increasing in intensity dur- 
ing the last week of illness, and a gram-negative hemolytic hemophilic bacillus 
was isolated This organism was agglutinated by the patient’s serum in 1 160 
dilution 

Postmortem Examinatton — The anatomic diagnosis was vegetative and ver- 
rucose mitral endocarditis, septicemia (a hemolytic hemophilic bacillus), focal 
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bulged into the lumen of the artery, which was considerably narrowed The 
anterior wall of the left iliac artery showed a superficial ulceration 1 cm in 
diameter just below the aneurysmal orifice (Fig 3) 

The peritoneal cavit}" contained about 300 c c of clear, straw colored fluid 
The tip of the spleen extended 2 cm bellow the left costal margin The other 
viscera were normally disposed The mesenteiic glands were moderately enlarged, 
but on section appeared intact 

The spleen weighed 340 gm The capsule was adherent to the diaphragm by 
fine, easily broken adhesions Its color was brick red, and old and recent infarcts 
were seen On section the surface was bright red and firm, the malpighian cor- 
puscles appeared moderately enlarged There was a yellow, wedge-shaped, fairly 
firm, mfarcted area, 2 cm in length, at the inferior pole, and more recent, less 
sharply defined, pinkish yellow infarcts on the anterior border 

The left kidney weighed 165 gm The capsule stripped readily, leaving a 
smooth surface, except for large depressions over firm, yellow, mfarcted areas 
The cut surface was rather pale , the cortical markings were not distinct, but 
differentiation of cortex and medulla was obvious Numerous irregular, firm. 



Fig S — A section of the periphery of the vegetation (indicated m Fig 3) 
showing the bacilli X 1,000 

yellow infarcts were seen , one at its inferior pole was almost cartilaginous in 
consistency, and bright yellow The right kidney weighed ISO gm and exhibited 
the same features 

Both knee joints contained a small amount of clear, viscid material resembling 
egg white In the left was seen one small petechia on the synovial membrane 
between the condyles 

The bone marrow in the femur was abundant, grayish red, moderately soft, 
and seemed to contain little fat 

The brain appeared edematous and showed a few small petechiae on the lateral 
surface, and a reddened, suffused area, not definitely outlined on the medial 
aspect of the right hemisphere 

The internal ears were normal The sphenoidal and posterior ethmoidal 
sinuses were filled with about 1 c c of very thick, tenacious, greenish gray pus , 
their exposed lining membrane appeared turbid and reddened Smears of the pus 
stained by Gram’s and Hiss’ capsule stains showed many pus cells and encapsu- 
lated, gram-positive, elongated cocci in pairs No gram-negative organisms 
were seen after prolonged search The anterior ethmoidal and the frontal sinuses 
were normal 

The tonsils were not enlarged , on section they shon ed no e\ idence of disease 
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closure , each was two or three times the diameter of the usual rheumatic verruca 
Otherwise the valve did not appear unusually thickened, except for a few small, 
discrete, vellow plaques at the base of the aortic cusp and under the verrucae 
The usual sclerotic thickening commonly seen on its aortic cusp was present liut 
not accentuated (Fig 2) 

The other valves showed no macroscopic lesions The larger coronary arteries 
contained some loose clot , the intima was thin and smooth The aorta showed 
fatty streaks throughout its whole length At its bifurcation into the common 



Fig 4 The vegetation on the aortic cusp of the mitral valve A indicates 
the base of the valve , B, the vegetation , C, the origin of a chorda tendineae X ^ 


lilacs there was an aneurysm on its anterior wall the size of a large walnut On 
opening this from behind, a ringlike aperture, 1 5 cm in diameter, was seen, 
which connected with the aneurysmal sac and was filled with a red clot This 
aneurysm extended down the right iliac, dissecting between the intima and media 
and re-entering the artery at a point 1 5 cm below the bifurcation The aneurysm 
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The myocardium was studded with infarcts, some almost the si7e of a low- 
power field (Fig 6) , there were also perivascular areas of focal, embolic, evuda- 
tive myocarditis rich m polymorphonuclear leukocytes These areas were m close 
relationship with capillaries and larger vessels which were filled with cellular and 
fibrinous thrombi containing polymorphonuclear leukocytes m predominance 
(Fig 7) The thrombotic process in the same section could be traced m senes 
from the very cellular clot, above described, containing bacteria, to \essels show- 
ing a fibrous stenosis The mfarcted areas, however, more numerous than the 
inflammatory lesions, consisted of edematous tissue in which muscle fibers had 
disappeared and only the framework remained The periphery of such areas was 
being invaded by newly formed capillaries and fibroblasts, and there was some 
hemorrhagic extravasation , the contiguous muscle fibers were either vacuolated 
or appeared homogeneous without stnations or nuclei In the remaining unin- 



Fig 7 — Inflammatory process in the myocardium of the left ventricle A indi- 
cates a thrombus in the arteriole, B, thrombosed capillary, C, focal exudative 
perivascular lesion X ISO 


volved myocardium the fibers were small with distinct stnations and normal 
nuclei 

The pericardium and mural endocardium were intact 

The contents of the aneurysm consisting of cells and debris with little fibrin, 
lay mostly between the adventitia and media, but m some places broke through 
the mtima to the surface The intima of the aorta abo^e the lesion was intact, 
and there were no signs of emboli in the adventitial vessels, while the intiina 
near the aneurysmal orifice was irregularly thickened 

The pulp tissue in the spleen was atrophic throughout, but was invaded by 
numbers of polymorphonuclear leukocytes, the sinuses w'ere congested Bland 
infarcts of irregular sire and shape were seen The malpighian corpuscles were 
small , their blood vessels w'ere unin\ olved, and there w'ere hj'aline-like deposits 
in their centers 
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MiC) oscopic Eramination — The tissues were fixed m Zenker’s solution (with 
acetic), solution of formaldehyd U S P 10 per cent, Pianesc’s solution and 
alcohol The routine stains were eosin and methylene blue or hcmotoxylin and 
eosm, Giemsa, Gram’s, Weigert’s elastic tissue, Weigert’s fibrin, and Mallory’s 
connective tissue stains were employed where required 

Sections taken from the uninvolved portion of the mitral valve showed nothing 
of note except a localized fibrous thickening m one area The earliest small 
verrucae were formed by a marked localized proliferation of fixed tissue cells, 



Fig 6 — An infarcted area in the myocardium of the left ventricle X 150 


with small fibrinous deposits on the surface, over which the endothelium was 
missing Many small vessels were seen m the neighborhood of the verrucae 
The large vegetation was attached for a short distance to the free edge and also 
to the inferior surface of the cusp A few gram-negative bacilli were noted in 
the valve itself, and many m the vegetation At its junction with the valve was 
an area of active fibroblastic proliferation with few migratory cells (Fig 4) 
No vascular thrombi were noted The vegetation itself was composed of lam- 
inated fibrin, debris, red and white blood cells, and masses of bacteria occurring 
chiefly along the periphery (Fig 5) 
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The tubules of the kidney were comparatively well preserved and contained 
many cellular casts Irregular bland infarcts of varying microscopic sizes were 
seen surrounded by zones of fibrous tissue, the precapillary vessels in the vicinity 
showed fibrin plugs Around many of the glomeruli there was an infiltration of 
polymorphonuclear leukocytes and round cells which extended m some places 
between the neighboring tubules and in other places involved the w'hole glomerular 
tuft Intertubular infiltration w'as seen only in the region of inflamed glomeruli 
(Fig 8) In certain glomeruli individual capillary loops were plugged with fibrin, 
while the remaining loops in the same glomerulus appeared normal A few^ 
glomeruli w^ere noted in w'hich a segment of the capillary tuft had undergone 
hyalinization and fusion wuth Bowman’s capsule (Fig 9) Complete hyalmiza- 
tion of glomeruli wms seen only in or near the larger kidney infarcts 

Tonsils, lymph glands, bone marrow and other organs show'ed no pathologic 
lesions 

COMMENT AND SUMMARY 

In the case desci ibed there was a typical clinical pictui e of subacute 
bacterial endocarditis of fifty days’ duration The only illness which 
might have lead to previous valve injury was a short attack of fever 
three and a half months before the onset of the final illness The 
pathologic picture also closely resembled that described in other forms 
of subacute bacterial endocaiditis Of particular interest was the pies- 
ence m the kidney of both types of lesions associated with this disease, 
namely (g) small infarctions of segments of glomerular tufts, desci ibed 
by Loehlein and by Baehr , “ and (b) a glomerulonephritis Libman 
has never found the form lesion m his B influenzae cases, in which 
glomei ulonephntis was frequent 

At necropsy the purulent ethmoidal and sphenoidal sinusitis was the 
only infective process found which might have antedated the endocarditis 
and seived as a portal of entry, but the pus from the sinuses, m films 
and cultures revealed no gram-negative bacilli, only pneumocicci 
(Group 4) 

The bacterium lecovered from the blood is a member of the family 
of hemophilic bacilli, differing from influenza bacilli in being hemolytic 
and compai atively avirulent, in fact, it has never before been reported 
as occunmg m a definitely pathogenic capacity The proof of its etio- 
logic role in this case rests on the following evidence its isolation m 
pure culture from the blood on three occasions during life and also 
at necropsy , the occurrence of morphologically identical bacilli m 
microscopic sections of the ^egetatlon and of the secondary embolic 
lesions, and the piesence m the patient’s serum of specific antibodies 
(agglutinins) against the organism 

A comparison of this bacteiium with its moie Mrulent relative the 
influenza bacillus, calls to mind a similar relationship existing betw^een 

10 Loehlein Med Khn 6 374, 1910 

11 Baehr G Am J M Sc 144 327, 1912 

12 Libman, E Med Clin N ^ymerica 2 130 1918-1919 



Fig 8 — Kidney showing the focal glomerulonephritis X 350 







THE UREA CONCENTRATION FACTOR IN THE ESTI- 
MATION OF RENAL EFFICIENCY ^ 

I M RABINOWITCH, MD 

MONTREAL, CAN 

Results obtained by the application of the methods now in use in 
the study of renal function can, at best, show but an approximation of 
the truth, so far as the efficiency of the kidneys is concerned The 
reason for this is obvious The study of a pathologic reaction is the 
study of a disturbed physiologic reaction, and the exact physiology of 
the kidneys is far fiom perfectly understood It is now well lecogmzed 
that what we consider noimal anatomic findings are not necessarily 
associated with normal functional findings, and vice versa In the 
absence of certain specific renal stimulants or depressants, and by mak- 
ing the kidney excrete urea to its full capacity, Addis ^ has shown 
that deductions can be made from functional findings as to the quantit} 
of tissue present This author and his co-workers ^ have also shown 
that the kidney substance can excrete seven times the amount of urea 
ordinarily eliminated It is therefore reasonable to assume that, 
normally, in the excretion of urea at least, the kidney tissue is being 
employed only to the extent of one seventh of its capacity The general 
conception of nephritis, as well as of uremia, is undergoing a change 
from that held before renal efficiency tests became common piactice 
Some of the clinical signs and symptoms looked on pieviously as due 
to anatomic or functional disturbances of the kidney alone are now 
legal ded by many as being due to a general disturbance in metabolism, 
and associated with, rather than due to, the nephritis In spite of our 
incomplete knowledge, however, theie is no doubt that the tests now 
m use have a definite clinical value, if m the interpretation of the 
results obtained proper consideration is given to the possible sources 
of technical errors involved in the biochemical analyses and the influence 
of extrarenal factors 

Practically all methods for determining kidney function now in use 
are based on the following generalization When the kidneys become 
unable to properly excrete the end-pioducts of metabolism, these must 
either be more slowly excreted than normally or accumulate in the 
blood, and the degree of retention of these substances in the blood or 
their rate of excietion in the urine is an index of the degiee of impair- 

*From the department of metabolism of the Montreal General Hospital 

’•'This work was done with the aid of a grant from the Cooper Memorial 
Fund 

1 Addis, T Renal Function and the Amount of Functioning Tissue A.rch 
Int Med 30 378 (Sept) 1922 

2 Addis T, Sheoky, A E, and Bevier Am J Physiol 46 11 (April) 

ini O \ tr / 
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nonhemolytic streptococci {Sti eptococcus viudans) and hemolytic 
streptococci St) eptococcus vmdaiis, usually less virulent than St) ep- 
tococcus hemolyhois, is the common causative agent m subacute bacterial 
endocarditis, but also occurs commonly as a saprophyte m the throat, the 
site from which these hemolytic hemophilic bacilli have heretofore been 
exclusively i ecovei ed 
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excretion of solids ® this is indirectly recognized by accepting the data 
obtained only when associated with a definite diet Other factors than 
renal which may frequently cause an increase in the amount of non- 
protein nitrogenous constituents of the blood have been pointed out 
These include acute pancreatitis, general peritonitis, intestinal obstruc- 
tion ° and lethargic encephalitis Even where the retention of nitrogen 
IS due to renal disorder alone, the correlation of the clinical picture 
with the laboratory data is of importance in distinguishing between 
temporary and permanent disturbances In many urologic conditions 
associated with retention of urine, the prognostic significance of the 
renal function tests can only be appreciated by estimating the relative 
importance of extrarenal and renal factors The possible sources of 
error m the interpretation of the results of the urea (urine) concen- 
tration test have been pointed out by the authors of the test ^ The 
writer has shown the effects of delayed absorption of urea from the 
alimentary tract ^ What has probably not been sufficiently emphasized 
IS the necessity of performing the test under standard conditions Many 
results not consistent with the clinical picture were frequently 
encountered in this hospital before standard conditions were adopted 
This routine is employed The patient is allowed no food or fluids 
of any kind after 6pm the evening before the test At 6 a m on 
the day of the test the patient voids This specimen is discarded The 
urea is then given as described by the authors of the test, and the 
urine is collected at 7 a m and Sam The performance of the test 
in this manner interferes least with the patient’s comfort, conforms 
best to the hospital routine, does not interfere with meal hours, and 
at the same time avoids the possibility of the patient receiving any food 
or drink preliminary to the test The necessary precautions described 
by the authors of the test, discarding tests which produce diuresis, etc , 
are strictly observed 

When the renal lesion is associated with an impairment in the 
excretion of nitrogenous substances the application of urea studies in 
the estimation of renal efficiency probably, as the data here show, excels 
all other methods A consideration of some of the aspects of our 
present knowledge of urea metabolism well emphasizes this point of 
view Urea is a normal end-product of protein metabolism and m the 

8 Sharlit, H , and Lyle, W G A New Method of Interpretation of the 
Renal Function Test Meal, Arch Int Med 28 649 (Nov ) 1921 

9 Rabinowitch, I M The Prognostic Value of the Study of the Blood 
Chemistry in the Acute Abdomen, J Canadian M A , March, 1921 

10 Umber, F Mesencephalitis epidemics, Deutsch med Wchnschr 47*261 
1922 

11 Rabinowitch, I M The Prognostic Value of the Study of the Blood 
Creatinine in Nephritis, J Canadian M A May, 1921 
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ment of renal efficiency Attempts to give mathematical expression to 
the estimation of the work done by the kidneys in concentrating sub- 
stances from the weak dilution m which they are found in the blood to 
the greater concentration in which they are found in the urine, were 
first made by Dreser in 1892 ® Since then the increasing number of 
factors which influence such calculations have been recognized, and the 
general consensus of opinion now is that our knowledge of the total 
work done by the kidneys is still imperfect Clinically, this is only too 
well emphasized In a detailed study of kidney function made in this 
hospital^ It was shown that various types of nephritis show various 
responses to the same test, and therefore no one test for kidney function 
can be used to the exclusion of all others for the purpose of renal 
diagnosis 

The biochemical methods m general use for studj-ing the various 
renal lesions associated with impaired excretion of nitrogenous sub- 
stances are the Mosenthal modification of the Hedinger and Schlayer 
renal test meal, the excietion of solids and phenolsulphonephthalein, 
the estimation of the amount of nonprotein nitrogen in the blood, 
including urea, uric acid and creatinin, and the urea concentration test 
of MacLean and de Wesselow'^ The technical difficulties previously 
encountered in these tests have been practically eliminated by improved 
biochemical methods In all these tests the interpretation of the results 
IS complicated by extrarenal factors The possible influence of such 
factors in the renal test meal have been pointed out by Mosenthal in 
his original ® and in subsequent articles In the study of the excretion 
of solids, the methods generally employed include the determination of 
the specific gravity of the urine That the specific gravity is no real 
quantitative index of the total concentration of solids has been known 
by physical chemists for a long time Judging from the general appli- 
cation of the specific gravity in estimating solids, this is, however, 
not generally recognized clinically Tavo solutions, one containing urea 
and the other salt or sugar, and each having the same number of grams 
per liter, will not have the same specific gravity Recently this has been 
given clinical consideration In the common method of studying the 

3 Dreser, in Cusliny, A R Monograph on Physiology The Secretion 
of Urine, New York, Longmans, Green & Company, 1917 Lea &. Febiger 

4 Rabinowitch, I M A Study of the Urea Concentration Test for Kidney 
Function, Arclu Int Med 28 627 (Dec) 1921 

5 MacLean, H , and de Wesselow, O L V On the Testing of Renal 
Efficiency with Observations on the Urea Coefficient, Bnt T Exper Path 1 S3 
(Feb) 1920 

6 Mosenthal, H O Renal Function as Measured by the Elimination of 
Fluid Salt and Nitrogen and the Specific Gravity of the Urine, Arch Int 
Med 16 733 (Nov) 1916 

7 Addis, T , and Foster, M G The Specific Gravity of the Urine, Arch 
Int Med 30 555 (Nov) 1922 
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blood urea, but, as Harrison pointed out, “did not definitely advocate 
the simple expedient of combining the two tests and thus simultaneously 
checking the urea concentration (urine) and standardizing the blood 
urea” Unfortunately, Hairison, as he himself states, in applying this 
principle, was unable to give normal values Harrison accepted normal 
urea concentration factor values from a study of all patients having a 
urine urea concentration of over 2 per cent The urea concentiation 
factor shows that such findings do not neces- 

sanly indicate a normal efficiency of the kidney Accepting as noinial 
a urine urea concentration of 2 per cent or over, when found two and 
one half hours after the ingestion of 15 gm urea, the lowest blood urea 
concentration at this period was 37 mg and the highest 133 mg per 
100 c c The normal values of the urea concentration factor were 
lowest, 18 mg , and highest, 72 mg The maximum increase m the 
concentration of blood urea over that present before administration of 
urea was 58 mg Analysis of all these data shows that in only one case 
could the patient be regarded as free from any renal lesion — that in 
which the urea concentration factor was 72 The other data quoted 
above were obtained from patients having lesions, including chionic 
nephritis, calculus of the right kidney and unilateral malignant tumor 
of the kidney Qualitatively, the results obtained, however, had definite 
significance 

The data recorded iiiHliis hospital are based on the study of 200 
cases, in all of which there were renal lesions associated with ozotemia 
or other evidence of a disturbance in the excretion of nitrogenous sub- 
stances A study was made of the value of the estimation of the urea 
concentration factor as a test for renal efficiency as compared with the 
other test commonly in use 

Techmc — In all the urea estimations of the blood and, with only few excep- 
tions of the urine the Van Slyke urease method was used In the few instances 
in which the hypobromite principle was applied, the Stehle“ method was used 
with the Van Slyke carbon dioxid apparatus A possible source of error m 
the urease method which appears to be worth recording is the fact that at times 
the activity of the urease preparation may be impaired, thus yielding low urea 
values All urea determinations should be carried out in duplicate, and the 
activity of the urease constantly gaged by a control consisting of a urea solu- 
tion of known concentration When protein is present m the urine in excess 
of 0 4 per cent , this should be removed where the hypobromite principle is 
applied Harrison describes a simple procedure for this purpose with the use 
of salicyl-sulphonic acid 

A great advantage of urea estimations over the various dye tests is that 
pus, blood, bacteria and urinary pigments do not interfere with the results 


15 Harrison, G A On Urea Tests of Renal Function, Brit J Exper 
Path 3 28 (Feb ) 1922 

16 Stehle, R L The Gasometric Determination of Urea m Urine, J Biol 
Chem 47 13, 1921 



930 


ARCHIVES OF INTERNAL MEDICINE 


aveiage adult on an a\erage diet constitutes about 80 to 90 per cent 
of the total nitrogen eliminated in the urine in twenty-four hours 
Unlike some other urinary constituents, a great deal of work must 
be done by the kidne)^ in excieting urea The energy used by the 
kidney in excreting urea can be calculated according to known physical 
principles by applying the Vant Hoflf theory of solutions Further 
proof of the great amount of work the kidney must do to excrete urea 
is furnished by the experiments of Barcioft and Straub on the oxygen 
consumption of the kidney in relation to diuresis There is a marked 
contrast between these results and those obtained with the diuresis due 
to Ringer’s solution, water or sodium chlorid Urea is uniformly dis- 
tributed in all the oigans and body tissues, including the blood An 
appreciation of this fact is important The uniform diftusion of urea 
prevents osmotic pressure differences across the membranes of the 
body This absence of osmotic pressuie differences will therefore not 
influence the movement of the body fluids and therefore will be less 
likely to cause hydremia,"^ which is an important factor influencing 
renal excretion Following the administration of urea it undergoes no 
chemical change, and normally its rate of elimination is rapid When 
prevented from being excreted, it is all stored in the body, except traces 
which appear in the bile and sweat Its rate of excretion is governed 
by its concentration in the blood Diuresis following urea administra- 
tion IS due to kidney activity alone Large amounts may be injected 
and followed by considerable diuresis, yet there may be no increase in 
the blood flow through the kidney This is demonstrated in one of the 
experiments by Lamy and Mayers Besides the excretion of urea 
being chiefly a function of the kidneys, extrarenal factors causing high 
blood ureas or low urine urea concentrations are more easily excluded 
than factors which influence the other tests The most common urea 


tests employed are (a) the estimation of the blood urea nitrogen, 
{h) the urine urea concentration test of MacLean and de Wesselow, 


and (c) Addis’ ratio 


Urea in one hour’s urine 
Urea in 100 c c blood 


THE UREA CONCENTRATION FACTOR 

That the function of the kidneys can be gaged approximately by 
the association of blood and urine studies has been recognized for a 
long time The earliest attempt to do this has been by the application 
of the fieezing point (A) studies to blood and urine In 1921, 
MacLean reported the principle of dividing the urine urea by the 


12 Marshall, E K , and Davis, D M Urea Its Distribution and Elimina- 
tion from the Body, J Biol Qiem 18 53, 1914 

13 Lamy and Mayers, quoted from Cushny J Physiol & Path 8 258, 1906 

14 MacLean, H Discussion on Renal Efficiency Tests, Brit M J 2 245, 
1921 
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DISCUSSION OF RESULTS 

Albuminuria still remains the most frequent and certain sign of 
kidney lesions It appears reasonable to assume that m the great 
majority of the cases studied — in all of which the patient had 
albummuiia — there must have been some functional changes Since, 



Chart 1 — Blood urea nitrogen and urea concentration factor as determined 
in 200 normal cases 


however, the kidneys have an enormous amount of reserve capacity, 
disturbances in function will not be noted until only the minimum 
essential functioning tissue is left The most sensitive test should be 
the one which shows a functional disturbance m the greatest number of 
such cases It will be noted in Table 2 that the urea concentration 
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In order to have a more accurate idea of normal values, a series of observa- 
tions were made on persons having no albuminuria, a normal blood urea 
nitrogen and clinically being normal, with the exception of mild surgical lesions, 
lacerated hands, preoperative hernias, etc The following routine was adopted 
and strictly adhered to All subjects were hospital ward cases and could thus 
be kept from factors influencing the test, food, fluids, etc No food or fluids of 
any kind were allowed after 6 p m, the day before the test, and the usual 
procedure followed as described with the urea concentration test above A 
specimen of blood was also obtained prior to the administration of the urea 
The data thus obtained were (a) blood urea before the administration of 
urea, (b) blood urea two hours after administration of urea, (c) urine urea 
concentration one hour and two hours after giving urea, and (d) urea concen- 


tration factor 


Mg urine urea per 100 c c 
Mg blood urea per 100 c c 


Table 1 — Noimal Data 


Mg Per lOO 0 c 


Blood urea nitrogen (before giving urea) Bowest 13 

Highest 21 

Mean of all values 18 

Blood urea nitrogen (after giving urea) Bowest (increase) 2 

Highest (increase) 20 

Mean of all values 9 

Per Cent 

tfrea concentration (urine) after 15 g urea Mean of all values 2 38 

Bowest 1 04 

Highest 3 88 

Urea concentration factor Bowest 29 6 

Highest 81 8 

Mean of all values 41 1 


Table 2 — Results of Two HnncTied Cases 



Number 

of 

Cases 

Per 

Cent of 
Total 

Subnormal urea concentration factor 

ler 

835 

Increased blood urea nitrogen 

140 

70 0 

Subnormal urine urea concentration 

Types of Oases 

Normal blood urea (upper limit) and normal unne urea concentration 

113 

i 

56 5 

(lower limit) 

22 

110 

Normal blood urea and loiv urine urea concentration 

26 

13 0 

Increased blood urei and normal urea concentration 

65 

32 5 

Increased blood urea and diminished urine urea concentration 

87 

43 5 

Normal urea concentration factor 

Normal urea concentration factor in the presence of a normal blood urea 

33 

16 5 

or unne urea concentration 

6 

SO 


All blood urea values are recorded in terms of mg urea nitrogen * Comparing 
our normal data as shown in the Table 1 with those of Harrison's quoted above, 
it will be noted that the urea concentration factor was greater, both in the 
lowest and highest findings, the maximum blood urea concentration following 
the ingestion of urea was less, and the increase in the blood urea after ingestion 
or urea over that found before ingestion was also less From a consideration 
of these data and the clinical picture of the subjects, it is apparent that these 
data and clinical pictures of the subjects more closely approximate normal 
values The fact that these data were obtained half an hour earlier than those 
of Harrison’s after giving the urea can have little bearing on tlie results, since 
both Harrison’s and these data show that in the majority of cases the maximum 
urine urea concentration is reached at the end of the second hour It is there- 
fore reasonable to assume that at this period the blood will be found to have 
the maximum amount of urea, since the amount of urea in the blood governs 
the rate of excretion 
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Table 3 — Results of Two Hundred Cases — (Continued) 


Record 

No 

Blood 

Uiino 

Urea 

Concen 

tration 

Factor 

Record 

No 

Blood 

Urine 

Urea 

Concen 

tration 

Factor 

K. 

Uiea Nitro 
gen, Mg 
pel lOO 0 c 

Urea Concen 
trntion, 
per Cent 

Urea Nitro- 
gen, Mg 
per 100 C c 

Urea Concen- 
tration, 
per Cent 



First 

Hour 

Sec- 

ond 

Hour 

Be 

fore 

Urea 

After 

Urea 

First 

Hour 

Sec- 

ond 

Hour 

95S 

26 

30 

164 

198 

25 7 

2187 

22 

36 

120 

lOO 

13 2 

S6S 

26 

34 

120 

168 

23 2 

2044 


32 

2 46 

218 

316 

29 

26 

41 

1 26 

1 32 

15 6 

2030 

22 

29 

1 72 

170 

27 6 

960 

25 

31 

1 76 

1 92 

28 6 

1961 

22 

34 

214 

2 20 

30 2 

1599 

02 

30 

1 IS 

2 10 

30 2 

1662 

IS 

28 

156 

1 48 

246 

1581 

22 

26 

084 

120 

21,7 

11-1 

IS 

26 

180 

1 86 

33 6 

1030 

21 

32 

2 86 

3 00 

43 2 

2168 

17 

30 

2 20 

2 40 

37 3 

842 

21 

29 

204 

2 40 

38 6 

1970 

17 

22 

132 

1 49 

316 

771 

21 

28 

208 

1 98 

33 0 

1960 

17 

29 

168 

170 

27 4 

261 

21 

36 

132 

1 44 

18 6 

9-1 

17 

28 

163 

1 49 

248 

63 

21 

34 

3 00 

2 76 

376 

98 

16 

24 


300 

684 

2539 

21 

29 

0 90 

103 

176 

2267 

16 

22 

204 

2 22 

47 2 

2514 

21 

38 

300 


367 

1548 

16 

20 

ISO 

190 

441 

2180 

21 

33 

212 

2 40 

33 7 

8-1 

16 

23 

300 

300 

63 0 

2164 

21 

27 

3 00 

2 70 

46 2 

226 

15 

„0 

1 26 

148 

26 0 

2103 

21 

35 

144 

1 68 

22 6 

2417 

15 

IS 

208 

1 96 

50 9 

1853 

21 

24 

066 

110 

217 

1650 

15 

19 

130 

190 

46 7 

1823 

21 

29 

102 

1 34 

217 

1535 

15 

24 

084 

120 

23 3 . 

2511 

20 

34 

300 


417 

1536 

14 

23 

193 

190 

37 i 

2091 

20 

36 

156 

1 56 

20 2 

5-1 

14 

19 

192 

186 

45 8 

1186 

20 

32 

1 58 

1 56 

22 4 

30 

14 

24 

168 

185 

36 6 

1714 

20 

29 

204 

2 76 

44 5 

2060 

14 

22 

2 31 

1 59 

33 6 

1648 

20 

27 

2 22 

2 06 

35 7 

1571 

14 

23 

180 

196 

396 

1607 

29 

30 

1 56 

183 

28 6 

3-1 

13 

19 

2 28 

204 

500 

2041 

19 

28 

1 20 

204 

34 0 

1714 

12 

22 

2 04 

096 

20 4 

1519 

19 

32 

2 80 

3 00 

43 6 

1652 

12 

IS 

2 52 

216 

561 

2040 

18 

29 

1 50 

1 70 

27 4 

2-1 

12 

24 

2 13 

1 76 

34 3 

1969 

18 

26 

0 74 

100 

17 6 

1551 

11 

20 


120 

28 0 

im 

IS 

25 

200 

210 

39 6 

1-1 

11 

17 


2 02 

55 6 


factor was the most sensitive test, the blood urea the next and the 
mine urea concentration the least If one consideis the factors which 
influence the lesults of the urea concentration factor, the fallacy of 
depending on the blood mea alone or on the urine uiea concentration 
alone is obvious The earliest evidence of impairment m renal efficiency 
may be but a slight inability to concentrate During the day the kidneys 
may, however, completely remove all the waste products formed, and 
therefore the blood urea concenti ation will be normal Since the amount 
of urea in the blood governs the rate of urine urea excretion, a high 
blood urea may at times be associated with a normal or neaily normal 
urine urea concentration Therefore the fallacy of depending on the 
urine urea concenti ation alone also becomes obvious In either of 
these instances, as shown in Table 3, the urea concentration factoi 
shows impairment This test failed in only six cases out of the total 
200 studied 

In fifty othei cases previously studied the necessary data for the 
determination of the urea concentration factor were obtained but were 
not then considered from this point of view An added interest lies 
in the results obtained in these cases in that in all of them the phenol- 
sulphonephthalein test was made It is generally recognized that 
remarkable fluctuations may at times occur in the dye excreted, leading 
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Table 3 — Results of Two Hundied Cases 



Blood 

Brine 



Blood 

Brine 


Record 

No 

Urea Nitro- 
gen, Mg 
per 100 0 c 

Brea Concen 
tration, 
per Cent 

Brea 

Concen- 

tration 

Factor 

Record 

No 

Brea Nitro- 
gen Mg 
per 100 C c 

Brea Concen- 
tration, 
per Cent 

Brea 

Concen- 

tration 

Factor 


After 
j Brea 

Be- 
1 fore 

I Brea 


Sec- 

ond 

Hour 


Be- 

fore 

Brea 

After 

Brea 

First 

Hour 

Sec- 

ond 

Hour 

381 

162 

154 


084 

24 

504 

42 

53 

2 04 

222 

19 5 

1163-1 

146 

140 

L20 

084 

26 

1086 

42 

49 

147 

187 

17 7 

1631 

140 

127 

0 76 

0 80 

26 

1083 

42 

50 

102 

102 

95 

122 

9o 

90 

198 

210 

10 3 

45 

42 

46 

096 

120 


1814 

79 

77 

0 43 

0 36 

21 

472 

42 

49 

204 

192 

121 

1149 

86 

71 

141 

200 

10 8 

366 

42 

43 


153 

18 3 

314 

69 

i 66 

0 26 

114 

70 

331 

42 

44 

2 40 

256 

16 6 

279 

72 

63 

1 0 78 

0 86 

55 

450 

42 

48 

114 

096 

27 2 

1027 

70 

62 

0 72 

0 78 

52 

1296 

42 

46 

144 

216 

93 

1916-1 

76 

60 

1 78 

ISO 

111 

136 

40 

50 

300 

290 

219 

1024 

59 

51 

1 44 

1 38 

10 9 

471 

40 

48 

2 40 

2 40 

271 

649 

56 

56 

0 80 

096 

80 

24 

40 

47 

168 

185 

23 3 

379 

60 

50 


126 

96 

799 

40 

53 

180 

200 

18 3 

337 

54 

50 

090 

096 

83 

312 

39 

46 

1 80 

1 56 

17 6 

2011-1 

55 

49 

2 76 

2 91 

228 

2117 

39 

43 

198 

168 

15 8 

1812 

54 

49 

0 93 

088 

76 

2247 ! 

39 

54 

300 

290 

18 2 

691 

53 

49 

2 76 

300 

265 

1381 

39 

49 

1 70 

2 04 

251 

904 

61 

49 

0 96 

128 

96 1 

1085 

39 

57 

164 

1 41 

19 4 

1726 

53 

48 

164 

0 72 

63 

1084 

39 

42 

288 

260 

11 5 

515 

49 

40 

228 

208 

196 ' 

315 

38 

47 

1 86 

1 98 

29 0 

710 

54 

45 

2 94 

300 

258 

088 

38 

46 

2 40 

218 

19 7 

134 

55 1 

45 

2 40 

2 88 

24 4 1 

967 

38 

43 

1 11 

080 

221 

2354 

49 1 

44 

120 


11 4 1 

551 ! 

38 

48 

1 32 

1 68 

86 

26 

47 

44 

1 50 

156 

15 5 ! 

1056 

37 

43 

182 

1 59 

16 3 

2288 

52 

43 

1 80 

186 

16 7 

311 j 

37 

49 

1 32 

1 20 

17 2 

114 

1739 

36 

40 

1 62 

1 83 

18 6 

1582 1 

34 

40 

1 50 

1 30 

151 

779 

30 

43 

1 54 

1 54 

13 8 

549 

31 

37 

1 82 

174 

218 

2661 

36 

42 

2 10 

168 

18 7 

522 

34 

39 

1 70 

1 SO 

215 

540 

36 

40 

2 64 

2 82 

329 

1161 

33 

40 

1 74 

1 51 

17 6 

1094 

35 

43 

120 

120 

13 0 

725 

S3 

42 

2 53 

288 

265 

1112 1 

35 

47 

1 16 

1 12 

110 

500 

33 

40 

300 

300 

850 

1310 

35 

42 

i 1 46 

1 71 

190 

1874 

33 

36 

2 10 

210 

28 0 

968 

35 

50 

1 172 

187 

17 4 

1738 

32 

35 

1 92 

186 

24 8 

894 

35 

46 

2 20 

2 28 

231 

1775 

32 

39 

1 40 

140 

16 7 

867 

35 

46 

1 26 

150 

15 2 

2061 

32 

37 

1 70 

210 

20 6 

764 

35 

43 

2 10 

2 40 

26 0 

1129 

32 

36 

200 

280 

26 5 

163 

35 

47 

1 44 

1 50 

14 9 

959 

32 

34 

188 

192 

26 4 

627 

35 

43 

1 50 

1 68 

18 2 

2045 

32 

42 

1 92 

216 

24 0 

1572 

35 

47 

060 

216 

16 0 

1536 

31 

40 

189 

204 

23 5 

1780 

So 

39 

066 

1 70 

20 2 

2193 

31 

37 

3 00 

300 

37 9 

2240 

35 

41 

1 02 

158 

180 

1875 

30 

34 

066 

144 

19 8 

434 

35 

40 

2 40 

0 74 

86 

1360 

30 

40 

184 

2 75 

321 

581 

35 

36 

090 

108 

14 0 

1207 

30 

36 

192 

188 

24 4 

2651 

35 

42 

1 98 

201 

223 

620 

30 

38 

224 

260 

318 

2560 

35 

44 

2 20 

2 20 

23 3 

2526 

30 

32 

1 192 

2 28 

35 3 

1374 

34 

40 

0 83 

250 

29 6 

228 

30 

41 

2 34 

238 

271 

1278 

34 

39 

300 

280 

33 5 

25 

30 

40 

180 

192 

22 4 

1113 

34 

46 

2 01 

300 

30 4 

523 

30 

36 

210 

2 20 

28 6 

648 

34 

42 

168 

156 

17 3 

211 

30 

33 

156 

180 

25 4 

2353 

34 

41 

2 00 

2 40 

27 3 

674 

30 

32 

165 

182 

26 5 

2102 

29 

36 


096 

124 

1206 

25 

32 

150 

196 

29 7 

999 

28 

38 

120 

129 

15 8 

1280 

25 

27 

159 

213 

36 8 

1174 

28 

30 

192 

156 

244 

1358 

25 

26 

142 

2.10 

48 5 

1246 

28 

34 

1 59 

217 

30 7 

900 

25 

35 

176 

192 

26 2 

1270 

28 

35 

300 


400 

908 

25 

36 

2 04 

210 

42 5 

1401 

28 

36 

1 40 

2 70 

34 5 

870 

25 

30 

1 56 

1 68 

28 5 

1128 

28 

30 

2 42 

260 

40 5 

671 

25 

33 

300 

300 

15 8 

1125 

28 

33 

1 44 

188 

20 3 

613 

25 

37 

216 

216 

25 7 

843 

28 

31 

1 80 

192 

286 

2273 

25 

32 

156 

108 

63 4 

582 

28 

40 

0 78 

084 

98 

1774 

25 

40 

170 

2 20 

40 0 

435 

28 

42 

2 82 

300 

33 4 

1163 

18 

22 

300 

300 

28 0 

348 

28 

39 

2 52 

228 

27 3 

1307 

24 

28 

218 

2 40 

290 

28 

28 

33 

1 50 

153 

216 

2320 

24 

36 

180 

2 20 

226 

2413 

28 

29 

1 76 

198 

310 

1815 

24 

SO 

099 

1 89 

42 5 

2351 

28 

32 

264 

300 

43 5 

1596 

24 

33 

0 37 

1 50 

226 

1583 

28 

36 

084 

120 

15 5 

i 1057 

23 

33 

2 58 

3 00 

43 2 

1123 

27 

32 

2 54 

300 

43 5 

555 

23 

SO 

216 

196 

30 7 

31 

27 

40 

1 22 

120 

14 6 

2037 

23 

26 

1 90 

204 

36 2 

2194 

27 

39 

150 

2 20 

26 3 

1187 

22 

30 

300 


46 2 

1SS9 

27 

37 

2 25 

2 50 

316 

873 

22 

27 

090 

096 

16 6 

961 

26 

38 

188 

2 04 

25 6 

2481 

22 

29 

2 34 

2 36 

38 2 














Chart 4 — Urea concentration factor from normal to low values 



Chart 5 — Phenolsulphonephthalem excretion from normal to low 




Chart 3 — ^Unne urea concentration variations from normal to low values 








TREATMENT BY SPLENECTOMY OF ESSENTIAL 
THROMBOCYTOPENIA (PURPURA 
HEMORRHAGICA) 

N E BRILL, MD, and N ROSENTHAL, MD 

NEW YORK 

The role of the blood platelets in hemophilia and purpura hemor- 
rhagica, which compiise the hemoirhagic diseases, is of paramount 
importance Hemophilia is the lesult of some qualitative change in the 
blood platelets (Fonio,^ Minot and Lee") resulting m defective coagula- 
tion of the blood Puipura hemoirhagica is accompanied by a quali- 
tative change and by a gieatly diminished number of blood platelets, 
also by some change in the capillaiy activity lesultmg in a hemorrhagic 
tendency This constant diminution of the platelets without any known 
cause (Denys,^ Hayeni"*) has given use to the bettei modern name of 
essential thrombopema (Frank “) or better still, thrombocytopenia 
(Eppmger ®) Essential thrombocytopenia is a distinct clinical entity 
and IS characterized by the following main featuies 

1 Diminution of the blood platelets The average number of blood 
platelets in normal blood is 250,000 The platelets vary from none to 

100.000 in this disease , at times the nuinbei may leach the normal figure 
Hemoirhagic manifestations come into evidence when they fall below 

60.000 

2 Preservation of normal coagulation time of the venous blood 

3 Prolongation of bleeding time (Duke'^) Puncture of the lobe 
of the ear is followed by some oozing of blood for from one to three 
minutes normally In tin ombocytopenia this is prolonged usually from 
ten minutes to hours 

4 Positive capillary lesistance test (Hess®) A tourniquet applied 
to the arm sufficient to prevent the return ciiculation without obliterating 
the pulse is followed by a shower of petechiae 

* Paper read at the meeting of the Association of American Physicians 
held at Atlantic City, May 1, 1923 

"'"From the First Medical Division, Mount Sinai Hospital, New York 

1 Fonio Coi -B1 f Schweiz Aerzte 45 1505, 1915 

2 Minot, G R, and Lee, R I Blood Platelets in Hemophilia, Arch Int 
Med 18 474 (Oct) 1916 

3 Denys, J La Cellule 3 445, 1887 

4 Hayem, G Presse med 3 233, 1895 

5 Frank, E Berl klin Wchnschr 52. 454 and 490, 1915 

6 Eppmger, H Die hepatohenalen Erkrankungen in Enzyklopadie der 
Klmischen Medizin, 1920 

7 Duke, W W The Pathogenesis of Purpura Hemorrhagica with 
Especial Reference to the Part Played by Blood Platelets, Arch Int Med 
10 445 (Nov ) 1912 

8 Hess, A F Hemophilia, Arch Int Med 17 203, (Feb ) 1916 
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to results inconsistent with the clinical picture The comparative 
results of all the different tests used in these cases are recorded 
graphically For detailed data of these cases the reader is referred to 
the original article ^ In Chart 2 the blood urea concentration findings 
are recorded from normal to abnormal values consecutively The same 
IS done in Chart 3 with the urine urea concentration, in Chart 4 with 
the urea concentration factor and in Chart 5 with the phenolsulphone- 
phthalein excretion In each instance all other data obtained in the same 
case are recorded It will be noted that the results of the urea con- 
centration factor, approximate the blood and urine data, showing either 
improvement or a decrease m function The phenolsulphonephthalein 
results show no such relation with either blood urea, urine urea concen- 
tration, or the urea concentration factor 

CONCLUSIONS 

In renal lesions associated with azotemia or any other evidence of 
impairment in excretion of nitrogenous substance, the urea concen- 
tration factor appears to be a more sensitive test for renal efficiency 
than the other tests now in use A distinct advantage of this test is that 
a combination of both blood and urine studies must be made in 
each case 
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100.000 and occasionally as low as 50 We have never observed their 
complete disappearance when they are counted directly in undiluted 
citrated plasma In the intermittent type of thrombocytopenia the 
hemorrhagic tendency becomes evident when the number of blood 
platelets falls below 10,000, or less Clot retraction is usually absent even 
when the blood platelets are as high as 80,000 There is a certain 
parallelism between the bleeding time, capillary resistance test and the 
number of blood platelets 

Concerning the cause of the thrombocytopenia there are two mam 
theories (1) Diminished production of the blood platelets as a result 
of some toxic or inhibitory action of the spleen on the megakaryocytes 
of the bone marrow which, according to Wright,^^ are the mother cells 
of the blood platelets This theory proposed by Frank ° led to the 
treatment of chronic thrombocytopenia by means of splenectomy (2) 
In such cases Minot found no diminution of the megakaryocytes 
in the bone marrow Kaznelson frequently noticed enlargement of the 
spleen and came to the conclusion that an increased function on the part 
of this organ in tlie destruction of blood platelets was responsible for 
their diminution in the blood Kaznelson was the first to apply this 
knowledge and have a splenectomy performed m a case of chronic 
thrombocytopenia The spleen of this case showed the presence of 
numerous large blood platelets He suggested the name thrombolytic 
purpura for the condition We shall discuss the validity of these 
theories later 

SPLENECTOMY FOR ESSENTIAL THROMBOCYTOPENIA 

The exceptionally good results from splenectomy reported by 
Kaznelson soon made the procedure the method of choice as a 
remedial or life saving measure in this disease when all other therapy 
has failed So far seventeen cases of essential thrombocytopenia 
(including two reported in this paper) have been treated by splenectomy 
(Table 1) 

The postoperative course m all the successful cases was about the 
same The following points are noteworthy 

1 Blood platelet crisis The increase varied from 25,000 to 

1.500.000 

2 Immediate cessation of the hemorrhagic tendency In a few cases 
the tendency reoccurred, but not as severely as formerly 

14 Wright, I H Boston M & S J 154 643, 1906 

15 Minot, G R Diminished Blood Platelets and Marrow Insufficiency, 
Arch Int Med 19 1071 (June) 1917 

16 Kaznelson, P Wien klin Wchnschr 29 1451, 1916 

17 Kaznelson, P Ztschr f klin Med 87 133, 1919 
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5 Failure of clot retraction (Hayem®) Clot retraction does not 
occur before splenectomy in this disease even when the blood platelets 
increase to 80,000 In a few obscure cases the blood platelets may be 
normal in number without clot retraction but accompanied by the other 
characteristics of essential thrombocytopenia, such as a prolonged bleed- 
ing time and positive capillary resistance test Glanzmann has 
attributed this to some defect of the blood platelets and has called this 
condition thrombasthenia 

The clinical manifestations of thrombocytopenia are 

1 Acute or chrome thrombocytopenia A patient with an acute case 
may get well, run a short fatal course or his case may become chronic 
The chronic condition as a rule appears m young persons, usually girls 

2 Apparently spontaneous hemorrhages into the skin and from 
mucous membranes, which may be continuous or intermittent 

3 Excessive hemorrhage fiom slight trauma The outcome is 
usually weakness and physical incapacity, owing to a severe grade of 
anemia following the intermittent attacks of hemorrhage Death not 
infrequently occurs from exsanguination 

PATHOGENESIS 

Capillary hemorrhage is normally stopped by the production of a 
small blood platelet thrombus and by the inherent contractility of the 
vessels The thrombus results from the adhesion and rapid agglutination 
of the blood platelets in the opemng of the vessel from which the blood 
is oozing The thrombus acts like a dam and prevents further bleeding 

One of the normal functions of the circulating blood platelets is to 
prevent the diapedeses of the red blood cells between the endothelial 
cells of the capillaries (Frank There is also some proof that the 
blood platelets participate in the control of vascular contractility 
(O’Connor,^® Janeway , this contractility also reenforces the pro- 
tective mechanism against capillary hemorrhage Any disturbance in 
the production or of the function of the blood platelets brings about a 
bleeding tendency due to the subsequent effect on the activity of the 
capillaries The slightest trauma to the body then becomes evident by 
~ The appearance of hemorrhages, often uncontrollable An examination 
of the blood during such a period m a case of essential thrombocytopenia 
will leveal the marked diminuion of the blood platelets, usually below 

9 Hayem, G Compt rend Acad d sc 123 894, 1896 

10 Glansmann Jahrb f Kmderheilk 88 1 and 113, 1918 

11 Frank, E Eulenburgs Real-Enzyklopadie, dntter Erganzungsband 
Ergebnisse der gesamten Medizm, Berlin 3 171, 1922 

12 O’Connor, J M Munchen med Wchnschr 58 1439, 1911 

13 Janewaj', T C , Richardson, H B , and Park, E A Experiments on 
the Vasoconstrictor Action of Blood Serum, Arch Int Med 21 565 (May) 1918 
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PIty<!icaJ Eia}im>alio>i — Ihc patient was fairh well nouiislicd, well developed 
and acutely ill llicie was marked pallor of the face She vomited dark red 
blood repcatedlj She had pjorrhea Ihe gums were somewhat spongy but 
the> were not hlccdmg Blood clots wcic seen m the pharynx She had 
bilatcial adenopathj' There was a loud blow'ing sjstolic muimur at the apc\ 
of the heart not tiansmilted The Incr w’as not palpable Ihe spleen was 
telt 1 cm below the costal margin There was slight pictibial edema There 
weie old scars and pigmented areas There were w'ldcly distributed hemor- 
rhagic aicas \arjing m si7c from a petechia to a large ecchymosis These 
aicas were most maikcd on the legs and were confluent 

Tuaivuui and fomre— On Oct 26, 1922, direct transfusion (Unger method) 
of 600 cc was pcifoimcd There was no bleeding foi five days following this 
transfusion \ distinct increase m the si/c of the spleen was noted, 3 cm 
below* the costal margin Oct 30, 1922, blood examination rc\calcd hemo- 
globin, 3S pel cent (Kuttuer’) , red cells, 2,272,000, white cells, 6,800, platelets, 
6,400 dificrential count. 300 cells counted poh moiphomiclc.ir neutrophils, 54 3 
per cent . pohmoiphonuclear eosinophils, 16 per cent, polymorphonuclear 
basophils, 2 per cent niNeiocUcs, neutrophilic, I 3 per cent , lymphocytes, 25 6 
per cent plasma cells, 2 per cent , monocstes, 13 per cent , and normoblasts 
1 per 300 white cells The coagulation time of the blood was ten minutes 
(test tube} Bleeding was profuse at the end of ten minutes The capillary 
resistance test was posiinc within two minutes '1 licre was no clot retraction 
Diagnosis Sccondarj anemia, essential thromboc\topenia 
Xo\ 2 to Xov 5, 1922 There was repealed \omitmg of old and fresh blood 
On examination of the throat, bright red blood was seen issuing from the 
nasophannx 

Xo\ 5, 1922 The hemoglobin content was 27 per cent Direct transfusion 
(Unger method), 500 cc, was performed 

Xo\ 9, 1922 Slight cpistaxis The patient \omitcd blood once 
Xoi 13, to Nov IS, 1922 Slight cpistaxis and vomiting blood On 
November 15, 20 c c of horse scrum was given intramuscularly without effect 
Xov 16, 1922 The hemoglobin content was 32 per cent Direct transfu- 
sion (Unger method), 750 cc, was perfoimcd There was no reaction 
Nov 19, 1922 Ihc hemoglobin content was 43 per cent Vomiting blood 
again occurred 

Xov 20 to Xov 25, 1922 During this period the patient vomited blood 
rcpeatcdlv Dining the later hemorrhages the pulse was so rapid that it was 
almost impossible to count Otheiwisc the pulse varied from 120 to 140 There 
was marked palloi The eves were large and starej at times The patient was 
verv restless 

Xov 26 1922 Diiect transfusion (Unger method), 500 cc, was perfoimcd 
Nov 27, 1922 The hemoglobin content was 35 per cent The general condi- 
tion was poor, the pallor still marked, expression anxious Thcie was slight 
cpistaxis The patient vomited once Most of the veins of the foicarins were 
tender and cordlike, evidently due to nitravasculai clotting, making the 
transfusions difficult 

It was decided that splenectomy would be tried after the next tiansfusion, 
which was to be given to improve the patient's gcncial condition 

Dee 1, 1922 Direct tiansfusion (Unger method), 500 cc, was perfoimcd 
The transfusion had to be stopped at this point bceausc the patient complained 
of severe precordial pain 

Dee 2, 1922 T he hcmoglobni content was 43 per cent A splenectomy was 
performed by Di A A Berg A greatly enlarged spleen was dclivcicd ihiotigh 
a subcostal incision The wound bled considerably As soon as the pedicle 
was clamped all bleeding stopped There was some oozing from the nose 
throughout the anesthesia, this also stopped as soon as the spleen was removed 
A direct transfusion of 800 c c was given immediately after the operation 
The postoperative recovery was uneventful Ohe wound healed by primal \ 
union 
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3 Later return of the blood platelets to their previous low level 
This took place from a few days to a few weeks after the splenectomy 

4 Increase of the hemoglobin and the red blood cells 

5 Apparent cure of the condition 

The remarkable lesults reported from splenectomy led us to under- 
take this procedure in two cases of essential thrombocytopenia in which 
all known methods of treatment, especially transfusion, had failed 
Both patients were in a serious condition and were almost moribund 
Splenectomy brought about immediate improvement and apparent 
ultimate cure and undoubtedly acted at the time of operation as a 
hfe-saving measure 


Table 1 — PaheiUs Tieated by Splenectomy fo> Essential Tht ombocytopema 


Oise 

Date 

Author 



Result 

1 

1916 

Knznelson Wien Llin Wchnschr 20 1451, 1916, 

Ztschr 

f 

Well 



Llin Med 87 133, 1919 




2 

1916 

Kaznelson Wien Um Wchnschr 20 1451, 1916, 

Ztschr 

f 

Well 



klin Med 87 133 1919 




3 

1916 

Kaznelson Wien Lhn Wchnschr 20 1451, 1916, 

Ztschr 

f 

Greatly improved 



Uin Med 87 • 133, 1919 




4 

1917 

Benecke Therapie der Gegenwart 10 41S, 1917 



Well 

5 

1917 

Schmidt Wien klm Wchnschr 30 959 1917 



Well 

5 

1917 

Schmidt Wien klin Wchnschr 30 959, 1917 



Greatly improved 

7 

1919 

Minkowski Med Klin 15 1243, 1919 



Greatly improved 

8 

1920 

Ehrenherg Monatschr f Geburtsh u Gjnnk 31 99, 1920 

Well 

9 

1921 

Eylenburg Folia Hem at 20 ‘170, 1921 



Well 

10 

1921 

Kaznelson Med Klm 17 974, 1921 



Died 

11 

1921 

Kaznelson Med Klm IT 974 1921 



Well 

12 

1921 

Minot Med Klm 17 974, 1921 



Well 

13 

1922 

Con Ztschr f klm Med 04 356, 1922 



Well 

14 

1922 

Steinbrinck Ztschr 1 klm Med 04 447, 1922 



Greatly Improt ed 

15 

1928 

Boven Bull Buffalo Gen Hosp 1 2, 1923 



WeU 


REPORT or CASES 

Case 1 — R G , chionic essential thi ombocytopema (pin pm a hemotihagica), 
splenectomy , lecoveiy 

History — A girl, aged 19, was admitted to the first medical service, Mount 
Sinai Hospital, on Oct 26, 1922, complaining of uncontrollable bleeding from 
the nose, mouth and stomach The family history and past history were nega- 
tive There were no bleeders m the family The patient was perfectly well 
until she was 5 years of age, when she had an attack of “kidney trouble” 
(bloody urine and generalized edema) Thij was followed a few weeks later 
bj’' an uncontrollable nasal hemorrhage, for which the child had to be taken 
to a hospital, where she remained for five weeks Since then, about once 
each year, the patient had had an attack of severe bleeding from the nose and 
mouth and vomiting of blood During the attacks she became weak and pale 
The bleeding continued at varying intervals from one to five days, occasionally 
for a longer period In the interval between attacks the patient usually fek 
quite well However, she always noticed black and blue spots on her skin, 
these occurred after the slightest trauma The menses during an attack were 
usually repressed Recently the periods had been greatly prolonged 

The present attack began three days before admission after the patient had 
apparently been well for two years There had been bleeding at intervals 
from the nose and mouth Some of the blood coming down from the back of 
the nose was swallowed and then vomited 

Eight transfusions had been given within the past eight years without 
producing anv lasting effect 
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Blood Chainjc*^ Following SplcncLtomy (Chart 1, Table 2) (a) The two 

transtu'oons — 500 cc guen the daj before the operation and 800 cc given 
immcdiateh after the operation — raised the hemoglobin to 70 per cent and 
the red cells to 4,552,000 Ihc following month the hemoglobin fluctuated 
between 60 and 80 and then rose to 90 per cent The red cells also followed 
the high percentage and later rose to 5,864,000 Four months latei the hemo- 
globin again fell to 80 pci cent , but the red cells remained over five and 
one-half million 

(b) The lcukoc\lcs increased to 56,000 but gradually assumed their normal 
mimbcr (5,600 to 7,000), and latci fluctuated between 8,000 to 28,000 After 
the postoperatne pohnucleosis thcic followed a persistent monocytosis 

(c) Ihc Iilood platelets showed the usual behavior as in other splenectomired 
cases of thromhnc\topcnia bi\ hours after the operation 95,000 platelets wcie 
present The loliowing da\ tlue lose to 225,000 and again rose on the second 



Chart 1 (Case 1) — \karialions of the hemoglobin, leukocitcs and blood 
platelets following splcncclomj 


da} after operation to 295,000 1 hen wathin a w'cek the platelets dropped to 

5,000 After this the bleeding time was usually normal Occasionally it w'as 
prolonged The blood platelets were distinctly larger than normal ones 

(d) The capillar} resistance test w'as usually negative On one occasion a 
few' petechiae appeared at the bend of the elbow' 

(c) Slight clot retraction w'as picsent the first month Duiing the second 
month there was no clot retraction Clot retraction appeared again the third 
month, but this w'as somew'hat less than normal Clot retraction w'as present 
at a recent examination (April 24, 1923) 

Suvtmaiy of Case — The patient had an essential thiombocytopcnia (purpura 
hemorrhagica) of fourteen years' duration w'lth chronic intcimittent course 
The patient became exsanguinated several times and received transfusions as 
many times, with only temporary success All agents known to stop hemorrhage 
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Summary of report by Dr F S Mandlebaum The macroscopic specimen 
consisted of a large spleen weighing 1,400 gm and measuring 23 by 13 by 6 5 cm 
The surface was smooth with occasional indentation There were few adhe- 
sions on the mesial aspect The vessels were patent and not sclerotic The 
spleen felt elastic and cut easily The cut surface showed the presence of 
numerous large follicles Pulp was present in a normal amount The sinuses 
were not dilated or sclerosed Microscopically the spleen showed myeloid 
metaplasia and hyperthrophy of the malpighian bodies There were no blood 
platelets or thrombi 

On Dec 2, 1922, six hours after the operation, crops of fresh petechiae 
appeared over the upper part of the left side of the chest and left cheek All 

Table 2 — R G, Case 1, Blood Exaimnalions Folloiviiig Splenectomy, 

Dec 2, 1922 







Poly- 

l/ym- 






Hcmo 




morpho 

pho 

Mono 

Coag 

■- 



Elobin, 



nuelcars, cytcs, 

cytcs, 

ula- 

Bleed Oapillary 



Per 

Red 

White 


Per- 

Per 

Per- 

tion 

ing 

Eesis 



cent 

Blood 

Blood 

Plate 

cent- 

cent- 

cent- 

Time, Time, 

tnnee 

Clot 


age 

Cells 

Cells 

lets 

age 

oge 

age 

Mm 

Min 

Test 

Retraction 

After 6 




23 





hours* 

70 

4 352 000 

5G,000 

95 000 

97 0 

03 





12/ 3/22 

6G 

4,144 000 

40 000 

225 000 

93 3 

20 

46 


1 % 



12/ 4/22 

GS 

4 0G4 000 

39 200 

295 000 

876 

30 

93 


2 



12/ 5/22 

CO 

8,872 000 

IGOOO 

220 000 

73 6 

13 0 

12 6 


1 



12/ G/22 

G2 

3,952 000 

14,400 

270,000 

86 0 

86 

53 


2 



12/ 8 '22 

G3 

3,880 000 

15,800 

145,000 

85 0 

80 

50 


1% 



12/ 9/22 

66 

4 160 000 

15 000 

240 OOO 

74 0 

13 6 

86 


2 

Negative 


12/11/22 

75 

4,544 000 

7,000 

60 000 

63 0 

18 8 

15 3 


4 



12/12/22 

75 

4 480 000 

7,000 

25,000 

46 6 

310 

17 0 


3 



12/13/22 

72 

4,520 000 

6,800 

5,000 

GOO 

24 0 

13 3 


8 



12/15/22 

71 

4 488 COO 

8,900 

30 000 

50 0 

24 3 

20 3 


2 

Negative 


12/16/22 

70 

4,9G0 000 

10,000 

3,000 

600 

14 0 

18 3 


5 



12/17/22 

72 

5,120 000 

9 000 

5,000 

44 3 

32 3 

12 0 


4 


Very slight 

12/19/22 

77 

4,802 000 

10 600 

4,800 

65 3 

17 6 

12 0 

10 

3 

Negative 

12/22/22 

6S 

4,480 000 

9,000 

6,000 

62 3 

266 

73 


2 



12/24/22 

76 

4,730 OOO 

12,200 

3 000 

506 

28 0 

12 0 


2 



12/2G'22 

71 

4 £00 OCO 

10 200 

4,000 

610 

28 3 

90 


2 



12/2S'23 

82 

5 200 000 

12 400 

7,300 

533 

320 

12 3 


3% 



1/ 1/23 

74 

4,576,000 

10,200 

10,000 

590 

30 3 

9 6 


o 



1/ 5/23 

71 

4 512 000 

7,800 

5,000 

31 6 

47 0 

10 6 


Vs 



1/ 9/23 

70 

4,120 OOO 

12 000 

4 000 

45 3 

32 6 

17 6 


9 

Negative 


1/13/23 

80 

5,120 OOO 

11 GOO 

10,000 

48 6 

42 3 

63 


% 



1/17/23 

SO 

5,632,000 

16,000 

GOOO 

540 

36 6 

90 




1/24/23 

76 

4,736,000 

12,800 

8,000 

57 3 

33 3 

76 


0 



1/27/23 

87 

5,376,000 

13,800 

10,000 

52 6 

366 

10 3 

11 

3 

Negative 

None 

1/31/23 

87 

5,440 000 

28 000 

14 000 

510 

39 0 

19 3 





2/ 3/23 

SO 

5 564,000 

19,800 

10 000 

53 3 

36 6 

90 





2/10/23 

90 

0 864 000 

11,200 

12 000 

54 0 

380 

63 




Present 

2/13/23 

92 

6,194,000 

12,400 

12,000 

570 

366 

53 

8 

3 

Slightly 

positive 

Present 

4/24/23 

84 

6,656,000 

14,200 

20,000 

62 6 

26 3 

96 

6 

4% Negative 


* FoBowing two transfusions 

• 

bleeding from the mucous membranes stopped The hemoglobin content rose 
to 70 per cent ' 

Dec 2, 1922, to April 10, 1923 There was steady improvement The color 
graduallv returned, the cheeks and lips were red The patient felt perfectly 
well There was a cessation of all hemorrhage from the nose For a short 
period after tlie splenectomy there was slight bleeding from the gums but 
none after that The patient vomited three times after the operation, but 
there was no blood in the vomitus She vomited a slight amount of blood only 
once later Petechiae appeared about six hours after the operation, but none had 
appeared since All the hemorrhagic areas disappeared Black and blue marks 
did not appear as formerly Recently the patient "turned” her knee cap, but 
only a slight skin hemorrhage developed Before operation there was a marked 
urobilin reaction in the urine, after operation, a faint trace 
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injected inlramnscnlniK and 10 cc injected slowly into the nose arrested the 
bleeding The hemoglobin content was 30 per cent Early m the morning 
4 a ml the patient again began to bleed fiom the nose The pulse was rapid, 
140, later (0 30 a m ), 150 The hemoglobin content was 29 per cent , plate- 
lets, vlOO (plasma) Diiect transfusion (Unger method), 500 cc, \Vas performed 
Dee 18 1922 lliere bad been no bleeding since the transfusion ivas per- 
lormcd There was a slight rise in tcmpciaturc to 102 8 F The hemoglobin 
content was 38 pci cent , red cells, 2,634,000, white cells, 19,400, polymorpho- 
nuclear neutrophils, 91 pei cent , l\iiiphoc\'tcs 7 per cent , monocytes, 2 per 
cent , and platelets, 27,500 The bleeding time w'as thirteen minutes the 
coagulation time, eight minutes Ihe eapillarj’ resistance test was negative 
1 here w IS no clot ictraclion 

Dec 19, 1922 There was a crop of new pctecbiac on all exticmitics 
Dee 22, 1922 The patient had edema of the inula and tonsil — traumatic 
Dec 23, 1922 The hemoglobin content was 28 per cent , red cells, 2,010,000, 
platelets, 24,000 

Dee 25 to Dee 29, 1922 Fresh ptlcchiac appeared dailj The general 
condition was becoming worse Pallor and weakness were marked 

Dee 29, 1922 Splencctonn was decided on for the relief of the condition 

Timi 3 — Case 2, Blood Exaintnaiwii<; Btfoic Splcucctoinv 



Mn\ S 1010 

Mn^ 1,10-22 

Xov 20, 10-22 
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2 ,soc,oeo 

%VllitOOTlK 

0.5,000 

11, "00 

10,000 

10,100 

22 000 

PlntoUt' 

SO 000 

=0 000 

10,000 

21,000 

^one 

PoUinoriilinmiclf ir imUropbil'- 

s-o 

f.l.S% 

71 n% 

01% 

72 S% 

Juinplinnlf*- 


27 7% 

17 T'r 

7^;> 

14 To 

Monocitc' 


7 7% 

11 (Tr 

2^0 

0 3% 

Conpiil ition time 

Smin 

1" inin 

10 min 

8 min 

4 min 

IMeeilinf; tiim 

7 iiiln 

ir. min 

411 min 

IS min 

Prolii'-c nt 
end o£ 0 min 

< ’ll)!)! in rr 'i®! inoe le't 

Sllrlith 

Sllf.lith 

SilRlltlj 

Positno 

SIiRhth 


Iio=itI\e 

po=Ittic 

posltiie 


po^ltiic 

Clot r< Ir ’( lion 

Xone 

None 

None 

None 

^one 

* P i\ folloniriR tnnstii'ion 

oi TOO c c 

■wliolc Wood 





Direct transfusion (Unger method), 450 cc, was performed Theie w’as a 
scierc reaction following transfusion The patient had a chill w'lth rise of 
temperature to 105 F 

Dee 30 1922 Splencctonn was pei formed by Dr E Beer through a sub- 
costal incision There was profuse oonng of the w'ound Continuous 007ing 
from the nose occurred during the anesthesia 

\ soft, slightly enlarged spleen with omental adhesions between the stomach 
and hilus was found The adhesions were doubly divided and cut The spleen 
was delivered with some difiiculty The lulus w'as ligated and cut, taking 
special care not to include the adherent stomach 

Summary of Pathologic Report by Dr F S Mandlcbaum The macro- 
scopic specimen consisted of a moderately enlarged spleen w'cighing 300 gm and 
measureing 14 by 7 5 by 3 cm It was clastic and cut easily Malpighian bodies 
were visible Microscopic examination showed only hyperthrophy No blood 
platelets w'ere found 

Immediately after the removal of the spleen, all coring of blood stopped 
from the wmund and nose The same effect w'as noted for the bleeding time 
as m the previous case 

The bleeding before splenectomy was profuse at the end of six minutes, 
when It was stopped The bleeding time during manipulation at the hilus was 
SIX minutes, immediately after splenectomy, three minutes, two hours after 
splenectomy, three minutes , eight hours after splenectomy, three minutes , and 
fifteen hours after splenectomy, two and one-half minutes (Tables 3 and 4) 
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were of no avail until splenectomy was performed, following which there 
was no further bleeding The patient was discharged apparently well The 
hemorrhagic tendency had stopped 

Case 2 — Chronic essential thrombocytopenia (purpura hemorrhagica) , splen- 
ectomy, recovery 

Htstoiy — A boy, aged 15, was admitted to the first medical service on 
Nov 22, 1922, complaining of bleeding from the nose and vomiting of blood 
The family history and past history were negative There were no bleeders in 
the family The present illness began m April, 1919, when the patient had an 
attack of tonsillitis followed by hemorrhages into the skin, bleeding from the 
gums, painful joints, vomiting and pain in the upper part of the abdomen He 
also had irritability of the eyes, weakness, fever, chills and sweats He 
remained m the hospital for one month He was apparently well except foi 
an occasional ecchymosis following some slight trauma, until May, 1922, when 
he received a blow on the nose This was followed by a severe epistaxis which 
continued for several hours The bleeding was stopped by means of a tampon 
saturated with fresh normal blood The skin hemorrhages had become more 
frequent since In July, 1922, while drinking milk, blood began to issue from 
the anterior and posterior nares, and soon the patient vomited blood and food 
Some hemorrhagic areas again appeared on the skin and roentgen-ray therapy 
was applied to the splenic region, with apparently good results His condition 
improved He lived a quiet life until the day of his recent admission to the 
hospital, Nov 22, 1922, when he was again struck on the nose, and he had 
been bleeding and vomiting blood ever since 

Physical Examination — The patient was a well developed and fairly well 
nourished boy with marked pallor He appeared to be acutely ill There were 
a few petechiae in the conjunctivae of both lower lids The teeth were m fair 
condition The gums were spongy and bleeding, the tonsils large and covered 
with hemorrhagic spots The heart was not enlarged There was a systolic 
thrill and murmur at the apex The spleen was not palpable, but it was large 
to percussion There were numerous petechiae over the back, chest, abdomen, 
thighs and legs 

On Nov 26, 1922, the blood count was hemoglobin, 45 per cent , red cells, 
2,584,000, white cells, 10,000, platelets, 10,000 (plasma), polymorphonuclear 
neutrophils, 71 6 per cent , polymophonuclear eosinophils, 1 6 per cent , poly- 
morphonuclear basophils, 0 3 per cent , lymphocytes, 15 3 per cent , and mono- 
cytes, 11 per cent The coagulation time of the blood was ten minutes, the 
bleeding time four and one-half minutes 

The tourniquet test was slightly positive There was no clot retraction 
The patient had secondary anemia, thrombocytopenia and monocytosis The 
blood picture was characteristic of essential thrombocytopenia 

Tieatment and Coiuse — Nov 29, 1922 There were no further hemorrhages 
The petechiae on the legs had disappeared The spleen was not palpable 
Dec 2, 1922 The patient had epistaxis at intervals all day 
Dec 6, 1922 The hemoglobin content gradually fell until it was 28 per 
cent The patient still bled daily from the nares The platelets numbered 8,000 
Dec 9, 1922 The gums were spongy and bleeding The condition was 
becoming worse The bleeding from the nose had stopped 

Dec 12, 1922 Slight bleeding from the gums continued There was 
marked pallor and weakness Blood examination (Table 4) showed hemo- 
globin, 28 per cent , red cells, 2,204,000, and platelets, 400 The bleeding and 
coagulation time were normal The capillary resistance test was negative, but 
there was no clot retraction 

Dec 16, 1922 The patient vomited about 7 ounces of dark clotted blood 
The blood trickled down from the posterior nares 

Dec 17, 1922 at 12 50 a m There was bleeding both from the anterior 
and posterior nares Thromboplastin and epmephrin did not control bleeding 
The tampon was not tolerated Twenty cubic centimeters of unmodified blood 
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Fcl) 17, 192v> 1 lie patient wa*; dischaiged well 

Rlood Cli.uK^cs Follow Hit? Splcncctomj (Cliait 2, Table 4) (1) I-Icmoglobin 
and Red Blood Cells Ibc transfusion of 500 cc before splenectomy raised 
the hemoglobin to 48 pti cent and the lianifusion given inimediatch after the 
opciation pioduced a fiirtliei use to 60 per cent and a use to 3,232,000 red 
blood cells 'Ibis giadnallj diopped dining the fust four dajs to 38 per cent 
hcnioglobm and 2,832,000 icd blood cells Inipiovcnicnt then began and at 
the last CNaniiintion ( \pril 6, 1923) the lienioglobm was 81 per cent and the 
red blood cells were 4,840,000 Noiinoblasts and Ilowcll-Jolly red cells were 
occasionalh present 

(2) White Blood Cells Just beioie the opei.ition tlicic was a leukocytosis 
ot 22,000, ''i\ hours aftei the opeiatioii the leukocitcs were 36,000, and on the 
tollowing da\ the\ lo'^c to 55 000 The diOcicntial blood picture after the 

DEC JAN PEG MARCH APRIL MA7 JUNE 



Chut 2 (Case 2) — Vaiiatioiis of the hemoglobin, Icukocjtes and blood 
platelets following splenectomy 


postoperatne pohmiclcosis showed a pcisistcnt monocytosis (increase of 
the large mononuclears and transitionals) 

(3) Blood Platelets The day following the operation there was a slight 
rise to 31,200, then a giadual fall to 1,000 on the third day after the operation 
After this there w'as a gradul incicase to 10,000, and then to about 20,000 The 
morphology remained about the same The day followung the operation a few 
giant blood platelets appeared in the smears 

(4) Bleeding Time For a month and a half this w'as prolonged, usually 
over tw'O minutes, and even as long as twelve minutes This became normal 
(tw'o to three minutes) 

(5) Tourniquet Test (Capillaiy Resistance) This was constantly positive 
until the third month after the operation It then became constantly negative 

(6) Clot Retraction There was no clot retraction for siv weeks after the 
operation This appeared on Feb 14, 1923, and slight clot retraction remained 
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Dec 31, 1922 The blood pressure was systolzc 95, diastolic 70 The 
pulse rate was 160, later, 132 Digifolm, IS minims, was administered every 
three hours Rectal drip was given for t^vo hours alternated with two hours 
when it was not given 

Jan 1, 1923 The general condition was much improved There was slight 
abdominal pain, especially in the wound, and also slight precordial pain 
There was no bleeding 

Jan 2, 1923 There was slight nose bleed once during the night 

Jan 3, 1923 There was nose bleed once during the day 

Jan 4, 1923 There was slight bleeding again from the nose, a few drops 

of blood oozed out and stopped immediately, never oppressive nor profuse as on 
previous occasions 

Jan 7, 1923 There was a slight serosanguinous discharge from the wound 

Jan 8, 1923 The sutures were removed, accompanied by bleeding easily 

controlled with epinephrm 

Table 4 — Case Z, Blood Examxnahons After Splenectomy 
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hours* 

64 

3,232,000 
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31,200 
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2 6 

33 
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12/31/22 

51 

2,888,000 

55,000 

12,000 

940 

1 3 

4 3 





1/ 1/23 

46 

2,992 OOO 

30,400 

10,000 

900 

30 

70 


5 



If 2/23 

40 

2 896 000 

19,400 

1,000 

890 

40 

66 


10 



1/ 3/23 

38 

2,832 000 

14,000 

2,000 

82 0 

7 3 

90 


10 



1/ 4/23 

40 

2,656,000 

14,400 

4,800 

803 

70 

10 3 


5 



1/ 5/23 

47 

2,^ OOO 

27,000 

8,000 

74 3 

10 3 

13 3 

10 

4 

Slightly 

None 

1/ 6/23 

46 

2,936 000 

14,000 

4 000 

75 3 

140 

70 


8 

positive 


1/ 8/23 

49 

3,450 COO 

12,000 

4,000 

72 0 

15 6 

83 


10 



1/10/23 

60 

3,992,000 

13,200 

10,000 

73 6 

14 3 

96 

7 

8 

Shghtls 

None 











positive 


1/13/23 

66 

3,520 000 

14,400 

4,000 

75 3 

15 3 

63 





1/19/23 

60 

4,800,000 

21,000 

14,000 

72 0 

18 0 

80 


10 

Slightly 












positive 



58 

4,536,000 

14,400 

14,000 

59 3 

27 0 

11 0 

11 

8 

Slightly 

None 











positive 


1/31/23 

69 

4 480 000 

12,000 

10,000 

53 3 

40 3 

63 





2/ 3/23 

76 

4,808 000 

18 000 

6000 

57 3 

28 6 

11 0 


4 



2/ 7/23 

76 

4,816,000 

14,600 

8,000 

570 

32 3 

80 

12 

3 

Slightly 

None 

ZIUVZ 

SO 

4,704,000 

15,000 

12,000 

586 

34 6 

4 3 

6 

3 

positiv e 
Slightly 

Present hut 











positive 

slight 

SI23IZ3 

so 

4,736,000 

18,200 

14,000 

49 6 

44 6 

4 3 

8 

3 

Negative 

Present 

if 6/23 

a 

4,840,000 

10,400 

20,000 

48 0 

42 3 

90 

12 

2 

Negative 

Present 

5/26/23 

83 

5,120,000 

9,000 

50,000 

44 3 

413 

10 6 

9 

2 

Negative 

Present 


* Done after a blood transfusion 

Jan 11, 1923 All sutures were out There was slight bleeding from the 
wound not controlled by thromboplastin Epinephrm controlled the bleeding 
more satisfactorily There was slight nose bleed which was stopped with 
epinephrm 

Jan 19, 1923 The patient was out of bed Many petechiae appeared on 
the legs and a few on the right lower conjunctivae 

Feb 3, 1923 A few petechiae on the face and lower legs appeared from 
time to time The gums had improved, there was no sponginess and no 
bleeding 

Feb 8, 1923 There were hypostatic petechiae on the legs only The 
general condition avas excellent The hemoglobin content was 76 per cent 

Feb 14, 1923 For the first time clot retraction was present There was 
a thrombocj1;openia and slightly positive capillary resistance test The petechiae 
were disappearing from the legs There had been no hemorrhages since 
Feb 9, 1923 
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excit an milueiKC on t^^o nnpoitant propeibes of the blood platelets, 
nainel}, the one \\lncli pioduces clot letraction and the propeity of the 
blood platelets to .igglutinate to foim thrombi These propeities may 
he lestoied nnmcdiatch after the lemoval of the spleen or by a latei 
stead} de\ clopment 

Wc hche\c that the mam piocess is not entiiel} an inhibitory or a 
destriictne one on the part of the spleen m this disease, but some damag- 
ing and to a certain extent a destructive mechanism exerted by the 
icticulo-endothehal sistem on the blood platelets The damaging 
mechanism pos'^ihh re<=idcs in the reticulo-endothelial system, mainly 
in the spleen, hemohmph nodes, livei, Ijmph nodes and hone marrow 
Splcnectoim , \\ hile it does not influence the numbei of blood platelets 
in the cii dilation, induces a ces'^ation of capillai}^ hemorihage The 
influence of the icticnlo-endothclial s}stcm in modif}ing the qualit> 
of the platelets \arie‘^ in mlensit} fiom time to time, but it is always 
present W hen an increa'^c in function occurs it gn es rise to the 
sc\erci t}pes of this disca'^e, oi vhen diminished, a milder action is 
manifest as indicated when hemorrhage follows ordinary tiauma 

Blood platelets ha\e ceitain impoitant Mtal piopeities First, the) 
furnish c\l07}mc (Bordet for the foimation of the blood clot Any 
.iltcration of this propert} leads to the condition of hemophilia in which 
the coagulation of the blood is maikcdly prolonged on account of the 
dela) in the proper formation of cytozyme — the initial step in the coagu- 
lation of the blood In essential thrombocytopenia cytoz)ane is rapidly 
formed, but the amount is necessarily diminished on account of the 
fewer platelet‘s, and the clear citratcd puipuiic plasma does not clot 
after standing se\cral hours, on account of the sedimentation of the 
platelets 

Second, the blood platelets have an agglutinative property (Biz- 
zozcio^") by Mitue of which they rapidly adhere to cut or injured 
surfaces of the tissues, resulting in the formation of a thrombus The 
minimum number of blood platelets necessary for this action on cut 
skin capillaries is low^ compared to wdiat occurs m the essential throm- 
bocytopenic state (Table 3) In pernicious anemia, leukemia and in 
a few^ cases of secondary anemia, we have found platelet counts below 
10,000 w'lthout any prolongation of the bleeding time In some cases 
of essential thrombopenia the bleeding time is prolonged, although the 
blood platelets may be as high as 250,000 In the rare condition of 
thiombasthema the bleeding time is gieatly prolonged, although the 

18 Bordet, J Bull Johns Hopkins Hosp 32 213, 1921 

19 Bizrozero Virchows Arch f path Anat 90 261, 1882 
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present although the blood platelets remained low It is interesting to note that 
the blood of this patient never showed clot retraction on previous examinations 
Summary — This was a case of chronic thrombocytopenia of four years’ dura- 
tion The patient’s condition became worse as time went on, the bleeding was 
more frequent and more severe Splenectomy brought about a turn for the 
better, and the patient has steadily improved since 

The patient was again seen m April, 1923 He had had no hemorrhages 
since he left the hospital He had gained weight and strength steadily Static 
purpura of the legs did not occur The examination of the blood still showed 
a thrombocytopenia (blood platelets, 22,000), but all other evidence of the 
previous condition was absent The capillary resistance test was negative and 
clot retraction was present 

DISCUSSION 

A Study of the blood changes following splenectomy in our cases 
brings us a step nearer to the solution of the underlying factors in the 
production of the thrombocytopenic syndrome This tends to show 
that, first, the inhibitory action of the spleen on the megakaryocytes of 
the bone marrow suggested by Franlc,*^ or, second, the thrombolytic or 
blood platelet destructive action of the spleen as suggested by Kaznel- 
son are not explanatory theories of the pathogenesis of this disease 
The first case described by Kaznelson probably belongs to a different 
subgroup of the thrombocytopenic purpuras, because he found large 
numbers of blood platelets in the sinuses of the spleen Examination 
of our spleens showed neither in smears nor in cut sections any abnormal 
increase of the blood platelets, but, on the contiary, a maiked diminu- 
tion of the blood platelets was present While the spleen apparently 
assumes a thrombolytic function normally, there is little evidence outside 
of Kaznelson’s and a few othei observations to show that in this type 
of purpura this supposed action of the spleen is increased 

It IS remarkable in all these cases that with the removal of the spleen 
actn e hemorrhage immediately stops This sudden cessation of hemor- 
rhage would indicate that the function of the spleen in these cases 
could not be taken up so quickly by any vicarious action of other 
members of the hematopoietic or reticulo-endothelial system It might 
indicate that when the spleen was removed some agency became active 
in inducing the capillaries to contract so as to stop all bleeding There- 
fore it tends to show that the normal spleen has some controlling 
mechanism on capillary activity through the medium of the blood 
platelets 

From our observation it would appear that the spleen does not 
function in inhibiting the activities of the megakaryocytes in the produc- 
tion of platelets, even though the removal of the spleen is followed by 
their temporary increase in the circulating blood, because the blood 
platelets quickly return to their diminished number or even to a lower 
le\el It would appear, however, that the spleen in these cases does 
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CONCLUSIONS 

1 Splcnccloni} has a definite cinative influence on the hemoiihagic 
facloi of chionic thiombocxtopcnid 

2 It does not seem to be a deteunining factoi in lestoiing the 
noinial nninliei ot blood platelets to the ciicnlating blood 

3 The di'^case seems to be associated with a distiubed function of 
the capillan wall m addition to a disordcied state of the blood platelets, 
01 It IS a lesult of the diminution of the lattei This is evidenced by 
the occurienccs ot pmpmic hcmoiihagcs in the skin of the legs on 
piolonged standing and bv the piesence of a positive capillaiy lesistance 
test With the iemo\al of the spleen the capillaiy icsistance test 
disappears, as does the static puipuia 

4 Aftci sj)lencctom\ the qualiU of the blood platelets is restoied, as 
IS demonstrated In the leappe.iiance of clot icti action and diminution 
of the bleeding time to noimal 
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blood platelets are always over 100,000 Third, clot retraction is also 
an inipoitant indicator of the condition of the platelets Clot retraction 
may appear with less than 20,000 blood platelets In essential thrombo- 
cytopenia this phenomenon is usually absent, although the platelets may 
be over 50,000, and in tin omhasthenia it is absent with even a greater 
number of platelets 

This peculiar damaging action on the blood platelets by some 
element in the spleen and other organs does not account for the 
diminished numbei of blood platelets in the circulating blood Follow- 
ing the initial rise after splenectomy they fall to their low figures, 
so that we must assume that there is some fault in then formation 
The megakaryocytes are not diminished in number in the bone marrow 
in essential thi ombocytopenia, but the fragmentation of the pseudopodia 
of these large cells does not take place pioperly, because the blood 
platelets in this disease aie veiy large and irregular Normally, a certain 
number of blood platelets ai e destroyed daily in the spleen The results 
of such a destructive action in a case with defective blood platelet 
formation possibly leads to a fuithei diminution of their number and 
to an altered function of these bodies 

In some of the patients with thrombocytopenia who were operated on, 
the hemorrhagic tendency returned, but it was not as severe as formerly 
Here we must assume that the remaining reticulo-endothelial system 
has taken up the function of the spleen and has exerted its dangerous 
influence on the few blood platelets foimed To combat this we must 
turn our attention to some methods of inhibiting the activity of this 
system At pi esent we are using roentgen-i ay therapy and also foreign 
protein injections (milk, Gram^®) with encouraging results in some 
unoperated cases Their use m splenectomized cases may prove bene- 
ficial if there should be a recurrence 

The removal of the spleen is followed by a gradual return of the 
agglutinative and retractive propeities of tbe blood platelets, although 
Its removal has no effect on their formation On the integnty of the 
blood platelets depends also the proper tonus and contractility of the 
capillaries W e need not go into the question of the relation of vascular 
constriction to the quality of the blood platelets O’Connor,^^ Janeway 
Hirose and others have shown this intimate relation It is noteworthv 
that the capillary resistance test in our cases was positive for a long 
time and was slightly positive occasionally in Case 1 until April 24, 
1923 It IS now persistently negative in this case 

20 Gram, H C Ztschr f klm Med 95 51, 1922 

21 Hirose, K Relation Between the Platelet Count of Human Blood 
and Its Vasoconstrictor Action After Clotting, Arch Int Med 21 605 (May) 
1918 
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10 Gnlland and Goodall") Hence it is obvious that a transitional 
count must be at least 5 to be icgaided as high 

The table shows that among the eleven untieated patients there 
weie onl) two that had tiansitional counts of moie than 5 per cent 
Of the eight patients that had iccened tieatment, there w'eie foui 
with transitionals highei than 5 per cent and tw'o wnth just 5 per cent 
Hence, eight out of eighteen cases showed an increase m tiansitionals , 
tw’o of these wcic onh a little highei than noimal 

TOl \L coo NTS 

\Mien the cases aic ai ranged in oidei of total white cell count, 
there is no apparent lelatioiiship to the length of the disease The 
highest white count was 13,000 The highest peicentage of neutiophils 
aic found in the higher counts 


PL \TELETS 

In Bunting s first papei he mentions ^ platelet counts, all of which 
weie high He then compaics these smeais wnth othei smeais fiom 
cases of Hodgkin s disease and is conMiiccd that the platelets are high, 
and m his latei articles ' he estimates the iiumbci of platelets b) 
examining the smcai \ skilled obscnei may w^ell be able to obtain 
satisf actor} results fiom an examination alone, but I have found it 
much moie accui.ite to count the platelets, as one may occasional!} 
be deceived b} the thickness of the smear oi by a tendency of the 
platelets to gathei in gioups, which is misleading In some of the 
cases with high platelet counts large clumps of platelets w^eie noticed, 
but no megalokar} oc} tes w'cie obseiced 

Platelet Counting — The method used at hist w^as that desciibed 
b} Ottenberg and RosenthaP This method had seieral ad\antages 
(1) simplicity of solution, (2) stability, and (3) the led cells w^eie 
present This is achisable. as they give an excellent check on the 
preparation If the light and Kmnicut'’ method is used, one has 
only the platelets themselves, and eriors are moie piobable 

The method lecentl} described b} Rees and E E Eckei has 
also been tried, and has been found to give good results Other 

7 Gulland, Lovell G, and Goodall, Alexander Ihe Block, New Yoik, 
E B Treat & Co , 1912, p 61 

8 Ottenberg, R, and Rosenthal, Nathan A New and Simple Method for 
Counting Blood Platelets, J A M A 69 999 (Sept 22) 1917 

9 Wright, James Homer, and Kmnicut, Roger A New Method of Count- 
ing the Blood Platelets for Clinical Purposes, and Some of the Results Obtained 
With It, J A M A 56 1457 (May 20) 1911 

10 Rees, Maynard H , and Ecker, EE An Improved Method foi Counting 
Blood Platelets, J A M A 80 621 (March 3) 1923 
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REPORT OF CASES 
KENNETH R McALPIN, MD 

KEW YORK 

In 1911 and 1914, C H Bunting ^ published his papers on the blood 
count in Hodgkin’s disease He believed that the blood count was of 
real value from a diagnostic point and showed (1) an increase in blood 
platelets, and (2) an absolute increase in the transitional leukocytes 
Although no one appears to have attempted to disprove directly the 
work of Bunting, of late there seems to be a good deal of doubt as to 
the accurac}’' of his conclusions Among those who doubt the diagnostic 
value of the blood count are Janeway ^ and Pepper ^ 

During the last four years, I have studied all of the cases of 
Hodgkin’s disease in the Presbyterian Hospital wards and outpatient 
department There have been eighteen cases that were diagnosed as 
Hodgkin’s disease Only those cases that were diagnosed by microscopic 
section were used in the series 

Blood counts were all made by myself , as a rule, 500 cells were 
counted The only exceptions were Cases 7, 15 and 16 In these cases, 
300 cells were counted Both Hastings and Wilson’s stains were used 
and were equally satisfactory Large mononuclears and transitionals 
(as described by Bunting were classified together, as it is frequently 
difficult to make a satisfactory distinction between them The number 
of transitionals in noimal blood vanes considerably (from 2 to 4, 
Wood ^ , from 3 to 5, Webster , from 6 to 8, Naegeli ® , from 3 to 

r 

* From the Department of Medicine, Columbia University, College of 
Physicians and Surgeons, and the Presbyterian Hospital, New York City 

1 Bunting, C H Blood Platelets and Megalokaryocytes in Hodgkin’s 
Disease, Bull Johns Hopkins Hosp 22 114, 1911 The Blood Picture in Hodg- 
kin’s Disease, Ibid , p 369 Hodgkin’s Disease, Ibid 25 173, 1914 

2 Janeway, T C A Case of Hodgkin’s Disease with Skin Eruption, Med 
Clin North America, July, 1917, p 20 

3 Pepper, O H Perry Hodgkin’s Disease with Jaundice as an Early 
Sjmptom, Med Clin North America, March, 1920, p 1449 

4 Wood, T C Chemical and Microscopical Diagnosis, New York, D 
Appleton and Company, 1917, p 103 

5 Webster, Ralph W Diagnostic Methods, Philadelphia, P Blakiston's 
Sons and Company, 1920, p 560 

6 Naegeli, O Blutkrankheiten und Blutdiagnostik, Leipzig, Von Veit, 
1912, p 186 
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in the eighteen cases, both tieatecl and initieated, only seven have 
high platelet counts 

Tin: W ASSIZUMANN RE VCIION 

In foniteen cases, the Wasseiinann tests weie negative, in thiee 
doubtful Case 7, alcohol — . cholesteiin -}- +, Case 9, never positive 
in both antigens, but the test was pei formed thiee times nith the 
follo\\ing icsnlts alcohol — , cholesteiin + -j- , alcohol -f- +, choles- 
tciin — , alcohol -h cholesteiin — , Case 15 the diagnosis was 
tabes, but the ^^assclm.mn lest was nevei definite, m other woids, the 
blood Wa'^sci niaiin ^\as negatue thiee times and doubtful twice, as 
follow’s alcohol ±z, cholesteiin -h > alcohol — , cholesteiin +? hoih. 
aftei pimocatnc doses of aisphcn,nnm The spinal fluid was negative 
twnce 

In Case 4 a pi i\ate p.iticnt, the Wassei mann test w^as not pei foiraed 

Sli.'iigeh enough, the tic.iled patients show' both moie Inghei platelet 
counts and moic nici cased transitionals than the untreated 

SUMMARY 

1 Fioni tins senes of eighteen c.iscs, it w'ould not be possible to 
diagnose Hodgkin’s di‘?c<isc fiom examination of the blood 

2 In this senes, platelet counts weie high m seven and liansitionals 
wcic high 111 eight 

v3 It IS adMs.ihlc to count platelets, when possible, as estimating the 
nunibci iiom the snieai is not always lehable 

4 The length of illness apparently has no beaiing on the total 
white count 
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methods have been described by Cramer, Buckman,^^ Gram^® and 
Knstenson 

It was found more convenient to use a counting chamber of 0 02 mm 
in depth rather than the usual 01 If the dilution was 1 to 200 and a 
square mm was counted, the factor would be 1/50 X 1/200 or 1/10,000 
This IS, of course, too high, and was reduced by counting not less than 
three different prepaiations of 1 squaie mm each 

Writers vaiy somewhat in their estimation of a noimal count 
Wood’^® suggests fiom 200,000 to 400,000, Webster suggests 250,000, 
while Naegeh quotes five different observers, the average being 
between 200,000 and 250,000 Hence, it would seem reasonable to 
assume that 300,000 is approximately a noimal figure 


Bcfoic Treatment 
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The table shows that in the untreated cases, only two aie above 
this limit while in the treated cases theie are five above 300,000 and 
one just 300,000, but of these three are less than 400,000 Therefore, 


11 Cramer, W , Drew, A H , and Mottram, J C On Blood Platelets Their 
Behavior in “Vitamin A” Deficiency and After “Radiation,” and Their Rela- 
tion to Bacterial Infections, Proc Roy Soc, B 93 449, 1922 

12 Buckman T E , and Hallisey, Joseph E Studies in the Properties of 
Blood Platelets (A New Method for Counting Platelets), J A M A 76 427 
(Feb 12) 1921 

13 Gram, H C On the Platelet Count and Bleeding Time in Diseases of 
the Blood, Arch Int Med 25 325 (March) 1920 

14 Knstenson, A New Method for Counting Blood Platelets in Man, Acta 
Med Scand 57 301, 1922 

15 Wood, T C Chemical and Microscopical Diagnosis, New York, D 
Appleton and Company, 1917, p 100 

16 Webster, Ralph W Diagnostic Methods, Philadelphia, P Blakiston’s 
Sons and Company, 1920, p 580 

17 Naegeh, O Blutkrankheiten und Blutdiagnostik, Leipzig, Von Veit, 
1912, p 344 
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sliation of one tc.ispoonfnl of the oHicial dilute Indiochlonc acid with 
each meal The acid uas gneii in 6 oi 8 ounces of water, lemonade, 
oiangeadc, iced tea or, picfeiabh , butteiinilk The lesults of tieat- 
inent arc paiticulaih inteiesting in that Patient 3 is subjectively 
cuied. Patients 1 and 5 aic appaiently well, and Patient 6 is greatly 
nnpio\cd Patient 4 discontinued his tieatinent, and latei wiote that 
he was unimpio\ed Patient 7 is growing piogiessueh w^oise, but it 
IS learned that he look the Indiochlonc acid in inadequate amounts and 
latci dncontinncd it P.itient 2 took his Indiochlonc acid legulaily, 
but died two and one*balf \eais after bis treatment w^as stalled of 
piogicssi\e spinal coid s\niptoms A biief abstiact of the histones of 
ibc^e sc\en cases lollow 


lu I'oK! oi c \srs 

C\si 1 — Mrs M nnrned .igccl 51 \t.its was ‘.ci.n on jMa\ 21, 1918, com- 
plnnnig of n Inirninq; ctccping sensation in the lect and legs of sik months’ 
duration These paresthesias were noise at night and kept htt fiom sleeping 
She had had no indigestion since her gillldaddei was ienio\ed in 1913, cveept 
for a morning diariiiea loi the past si\ \cars Her tongue was clean but not 
bald 

The patient reUirned for obser\atinn Tin -t, 1919 She iiad taken Indro- 
chloric acid regnlarl\ until \o\eml)cr, 1918, and the paresthesias m the feet 
had improNcd slie tlun sio])pcd tlio acid and the bnniing in the feet retuined 
She had then resumed the acid but the Imining sensation in the feet had per- 
sisted for some time Hci diairlica stopped when she was first put on the 
Indrochlonc acid and her lion els mn legiilar uniil she stopped the acid, tvhen 
the} became loose again 

The patient e\as last heard lioin on Feb Id, 1923, when she wiotc, m response 
to an inquiry addressed to hci home m anothei state, as follows “I have 
taken the Indrochlonc acid regukuh oiih IcaMiig it oft occasionalh to natch 
the effect I find that nn feet hum if I Icaec it oft more than two days I 
still take the dose prescribed by eon 1 have not had a doctor since I saw 
3 on, and do not know whetlier I am anemic but I seem to be well” 

C\SE 2 — Mr D, man led, <igcd 65 ^cars, a retired farmer, w'as first seen 
on March 11, 1919, complaining of numbness in the hands and feet of four 
months’ duration IIis past health had been excellent with no'Tiistoij of acute 
infections, except an attack of gonorrhea at the age of 20 3 ears He gave a 
history of sciatica ten scars prcvioush, with gradual rccotere and no recurrence 
His appetite w'as good, and he gave no histor 3 of digestive disturbance except 
occasional slight diarrhea and, more recentlv, some flatulence He had used 
tobacco and liquor in model ation m the past but not m recent 3 'ears There 
was no loss of w'eight His fiist s 3 'mptoin wms numbness and tingling m the 
fingers and toes on the left side, w'lth similar involvement, a few' days later, on 
the right side A little later he noticed numbness on the inner aspects of both 
thighs and then over the abdomen up to the 11 b inaigins He had had no 
darting pains, no musculai w'cakness, no difficult 3 m w'alking in the dark and 
no incontinence of the sphincters Smooth olijects, like apples, felt lough to 
his fingers He had observed no objective change m the extiemities The tongue 
w'as clean and distinctly red about the margins and tip 

He W'as next seen in October, 1919, w'hcn he said that his numbness w'as 
worse and affected the hands, forearms, feet, legs and hips He had difficulty 
m picking up small objects and in wiiting (He constanth rubbed the palmar 
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In a recent clinical study of 451 patients with achylia gastnca, there 
were twenty-nine with definite evidence of combined sclerosis of the 
spinal cord Of these twenty-nine patients, fouiteen had pernicious 
anemia, one had pellagra, and in seven the observations were unsatis- 
factory or incomplete, leaving seven patients that form the basis of this 
article 

SUMMARY OF THE CASES 

These seven patients with combined sclerosis of the spinal coid all 
received complete clinical and laboratory studies The gastric analyses 
were made by the fractional method, one examination being made in 
Cases 4, 6 and 7, two examinations in Cases 1, 2 and 5, and seven 
gastric analyses were made m Case 3 Blood counts were made in all 
cases, together with a study of the stained smears, and showed no 
evidence of pernicious anemia except the late developments in Case 7 
The Wassermann reaction on the blood serum was negative in all cases, 
and the spinal fluid was examined and found normal in Cases 2, 3 and 5 
The blood sugar was examined and found noimal in Cases 3, 5 and 6, 
and the nitrogen content of the blood was found normal m Cases 3, 5, 
6 and 7 

Foci of chronic infection were sought for m all cases, m Patient 7 
none could be found , Patient 3 had infected tonsils which were 
removed , Patient 2 had a mild prostatitis which cleared up on treat- 
ment, m Cases 1, 2 and 3 there were apical abscesses about certain 
teeth, and these teeth were extracted. Patient 4 showed marked pyor- 
rhea alveolaris , Patient 5 had had all of his remaining teeth extracted 
two months before the onset of Ins paresthesias, and he said that several 
of these teeth were abscessed, Patient 6 had lost all his teeth except 
four, and these showed extensive pyorrhea There was moderate 
arterial hypertension m Cases 3 and 6 , in the five remaimng cases, the 
blood pressure was noimal 

Treatment in each case consisted m the removal of such foci of 
infection as could be found, and the regular and persistent admini- 

* Presented before the Thirty-Eighth Session of the Association of American 
Physicians, Atlantic City, N J, May 1-2, 1923 
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nc\er se\erc, usuallj occurred l\\o or three horns after meals, and he was 
constipated He had had no nausea, vomiting or flatulence and gave no history 
of acute pain or colics The paresthesias were described as a peculiar crawling 
sensation in the legs w’lth a burning in the feet and ankles His tongue was 
clean In response to an inQUirj, the patient wrote, under date of March 14 
1923, from his home in the countrj that he had “not been able” to take the acid, 
that be continued to suffer Mith the burning sensation in his legs, and that his 
digestion %\as poor 

Casl 5 — Mr M, aged 61, a la\\jcr, single, \\as seen on Xoe 28, 1921, com- 
plaining of numbness and loss of control of the legs and hands He used to 
haec a good deal of indigestion, and beginning in 1891 he had diarrhea vilh 
undigested food in his stools for two jcars (He described a rather typical 
gastrogenous diarrhea ) His digestion then improved until 1914, when he again 
dc% eloped diarrhea and weakness Gastric analysis at that time showed a com- 
plete achylia (This fact was confirmed b> communication with the physician 
who examined him at that time) He was gi\en small doses of hydrochloric 
acid but did not take it regularly His appendix was icmoecd in 1915, and 
since that time his bowels had been regular, and he regarded his digestion as 
good His past history was otherwise unimportant He smoked and drank in 
a moderate wa\ 

In March, 1921, the p,iticnt had some iluumatic pains m the lower legs Ml 
ms remaining teeth were extracted in August, 1921 He said that scicril of 
these were abscessed Earh in October, 1921, he noticed a numbness and 
peculiar feeling in the left great toe This numbness soon spread to the other 
toes and to the foot, and soon started in the same way m the right foot 
and gradually spread up both legs to the groins, he then de\ eloped a tight 
feeling about the trunk as if a cord were tied around the waist Shortly 
after the onset of the paresthesias in the feet, the same numbness de\ eloped m 
the fingers of both sides and then spread o\cr tlie hands He complained that 
he did not have proper control of the arms and kgs, and had difficulty in writing 
and in walking He had no headache, \crtigo or unconscious attacks His 
mouth was not sore He w’ore his shoes unlaced because of the paresthesias 
and was constantly rubbing his thumb and fingers together (as did P.itient 2'', 
!)Ut he had no tremors or pill-rolling motion The tongue was clean but not 
bald He was again seen on Dec 28, 1921 His weight was tiic same and his 
general condition w'as unchanged, c'cept that he said tlic feeling of tightness 
around his waist had risen a little higher on his trunk and was then noticed 
around the lower part of the chest 

The patient leturncd for examination, by rcciucst, m April 1923 He said 
that he regarded himself as well and was actively engaged m his law practice 
He said that the greatest improicment had occurred m his bands, m winch the 
numbness had practically disappeared The girdle sensation bad also dis- 
appeared, together with the constricted feeling across the hips and lower 
abdomen He had no difficulty in writing or in walking He continued to be 
conscious of some numbness in his feet and legs He had taken the hydro- 
chloric acid regularly His appetite w^as good, he had no indigestion or sore 
mouth, his bowels were regular Examination showed that the physical signs 
persisted m the low'cr extremities with absent deep reflexes and definite loss 
oi sensation to touch with diminished pain sense, especially oicr the iiinei 
aspect of the legs Gastric analysis w'as repeated at this time and showed free 
hydrochloric acid absent at the end of thirty, forty-five and sixty minutes 
Blood count showed red cells 4,210,000, hemoglobin, 85 per cent , differential 
leukocyte count and morphologic picture normal 

Cash 6 —Mr S , aged 71, married, a farmer, was seen on June 28, 1922, com- 
plaining of intense burning in the feet of four months’ duration His past his- 
tory showed that his general health had been excellent, he had had some indi- 
gestion as a younger man, characten/ed by sour stomach, but had had no 
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surface of the thumb of each hand against the palmar surface of the fingers ) 
He was a little unsteadj on his feet, but he said he had no difficulty in walking 
He had no pain or stiffness in his back He had taken his hydrochloric acid 
regularly in teaspoonful doses with his meals He said that he had suffered 
with sore tongue for years before taking this acid, but not since He had no 
further diarrhea His digestion was good He had no urinary disturbances 
The tongue was moist, red and clean 

The patient was next seen in January, 1920 He had lost 9 pounds (41 kg ) 
since March, 1919 His general condition appeared to be unchanged The 
neurologic findings indicated that the trouble had been progressive 

In May, 1921, I saw the patient for the last time, at his home in a distant 
part of the state, and he then showed a flaccid paraplegia with marked ataxia, 
absent deep reflexes and involvement of the sphincters He died in October, 
1921 For three weeks prior to his death he had difficulty in swallowing and 
retention of urine His family ph^ sician reported that at no time did he present 
any appearance of pernicious anemia, and that several blood counts made 
during the last few months of his life showed no reduction in either the red 
cell count or in the hemoglobin It was understood that the patient took full 
doses of hydrochloric acid during practically the whole period of his illness 

Case 3 — Mrs F, aged 42 years, first consulted me on Nov 15, 1919, com- 
plaining of a sensation of numbness which began in the feet in Februar}', 1919, 
and then gradually extended up the legs and trunk to the waistline A little 
later she developed numbness in the hands and arms, extending up to the 
elbows She said that the soles of her feet felt as if she were walking on some- 
thing stiff, not like cotton She said she had difficulty in walking, could not 
manage her feet w'ell, was inclined to catch hold of things when she w'alked, and 
that she fell easily She had difficulty in picking up small obiects and in fasten- 
ing her clothes and often dropped things She said she had no tingling and 
no loss of touch sensation About three 3 ’ears previously she had developed 
a sore mouth, and since then the tongue had been red and inflamed 

Her past history showed that she had had malaria at 17, diphtheria at 21, 
attacks of tonsillitis but none in the past eight years, and influenza in 1918 
The appendix and one ovary w'ere removed in 1904 She had had no indiges- 
tion except flatulence The bowmls were constipated She had acute c}'stitis 
with hematuria in June, 1919 At that time she had increased blood pressure 
The tongue w as moist, red and clean 

The patient wms again seen in May 1920, October, 1920, June, 1921, June, 
1922, and March, 1923 By October, 1920, the numbness in the extremities had 
disappeared, except for slight paresthesia in both feet, and she had no further 
stomatitis Since that time, the patient had considered herself entirely well 
When last seen in March, 1923, she said she had no numbness, except occa- 
sionally when tired she might notice a feeling of sleepiness or heaviness in her 
feet and legs Her appetite was splendid, and she had no indigestion She 
w'as again completely examined, and her seventh gastric analysis show’ed a 
complete ach 3 lia It was interesting to note that, in spite of the disappearance 
of subjective symptoms, the physical signs persisted All of the deep reflexes 
w'ere exaggerated , there was an exhaustible ankle clonus, and sensation to touch 
wms greatly impaired from the feet up to a point midwa> from the ankle to the 
knee on each side She had taken hydrochloric acid regularly since 1919, and 
she was advised to continue it 

Case 4 — Mr M, a farmer, aged 60 j'ears, married, w'as seen on April 13, 
1920, complaining of stomach trouble and a crawling sensation in his legs His 
past history included malaria in 1910 grip in 1905, and rather frequent sore 
throat Otherw'ise it was unimportant He had used tobacco freelj^ but very 
little liquor He was 12 pounds (54 kg) below' his usual w'eight 

His present illness dated back one jear previously, when he developed pain 
in the abdomen and paresthesias in the extremities The epigastric pain was 
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monogiaph,^ states that the clinical leatnies of svibaciite combined 
degeneiation of the spinal coid aie nsnally stiikingU distinct in that 
'^ubjectne sensations, such as tingling, numbness and binning, occurring 
usually at the periphery of the extiemities, aie eaih, obtiusne and per- 
sistent sunptoms, and aie accompanied or followed by the development 
of a paiaplegia wdiich may be of a spastic tjpe, or of a flaccid and 
ataxic t\pe, or of a mixed tjpe, according to the degree of affection 
of the lateral and of the posterior columns m each case The deep 
reflexes are present exaggeiated or absent, according to the lelative 
condition of the«;e columns Loss of sensibility of pecuhai distiibution 
occurs, which has a “glove and stocking” distribution on the extremities 
and a segmental distribution on the tiunk In the late stages of the 
malad} the paraplegia tends to become complete and of the flaccid 
t\pe with loss of the deep reflexes It is a disease of adult life, most 
of the cases occurnng in the fifth, sixth and seventh decades Tlie 
=;e\es aie equally aftected , herediU is not a factor, and sjphilis pla}s no 
part in the etiolog)’ 

THE REL\TIOX OI I’ERMCIOLS \KEMIA TO COMBIXED SCLEROSIS 

or THE SP1X\L CORD 

The intimate relation of peinicious anemia to combined scleiosis of 
the spinal coid has been cmphasi/cd b) man} writers,* and the eailier 
authors bcliercd that the degeneration in the nerrous system was the 
result of \asculai changes consequent on the anemia This point is 
negatned, as pointed out by Collier, by the facts that some cases of 
combined spinal sclerosis progiess to a fatal issue w’lthout an) eri- 
dence of anemia, and that in others the nei\ous manifestations may 
become severe long before any anemia is CMdcnt Collici concludes 
that ceitain experimental e\idence as w'ell as the clinical and pathologic 
featuies of the disease suggest that the anemia and the degeneration 
of the nervous s}stem are not dependent the one on the other, but 
that the} are the concomitant but not necessarily syncluonous results of 
one and the same cause 

ASSOCIAflOK or ACinLIA GASrRIC\ WHTII PERNICIOUS \NEMIA 

The almost mvaiiable association of achylia gastiica with pernicious 
anemia has been recognized for many }ears Among the moie lecent 
reports is that of Levine and Ladd,' who report an absence of free 

1 Collier, J Intrinsic Diseases of the Spinal Cord, Oxford Medicine, New 

York, Oxford University Press, 5 356, 1921 ’ 

2 For a good bibliography and an excellent discussion of this subject, based 
on a study of ISO patients at the Mayo Clinic, see article by Woltmann, H W 
The Nervous Symptoms in Pernicious Anemia, Am J M Sc 157 400,' 1919 

3 Levine, S A, and Ladd, W S Pernicious Anemia, a Clinical Study 
of 150 Consecutive Cases with Special Reference to Gastric Anaciditv Bull 
Johns Hopkins Hosp 32 254, 1921 
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digestive disturbance in the past twenty jears His bowels had alwajs been 
regular He had used tobacco, but no liquor He was underweight about 10 
pounds (4 5 kg ) In the latter part of February, 1922, he suddenly developed a 
burning sensation in the soles of both feet, without any redness or swelling 
Then he gradually developed numbness in both legs with a sensation as if water 
were dripping on them, and some difficulty m walking He had also developed 
burning in the ends of the fingers and some burning spots on the face The 
burning in the feet was distressing, and at first was constant day and night, 
but after taking some medicine from his home physician, he had been able to 
secure some sleep at night He said that his hands felt drawn and cramped 
The tongue w'as slighth coated 

On March 16, 1923, the patient’s ph\sician wrote “Mr S , asked me to reph 
to your letter and to say that he rveighs fifteen pounds more than he has for 
thirty years , that he has taken his hydrochloric acid every day since he saw 
you, except eight days, that his feet do not burn at night but do burn some in 
the daytime, that he eats anything and as much as he wants” The physician 
added that the patient looked a good deal better and was not anemic 

Case 7 — Dr X, aged 64, married, was first seen by a colleague on June 5, 
1922, and the case has since then been followed by both of us The patient’s 
past health had always been good He had had influenza m 1918 and again in 
1921 , otherwuse he had had no illnesses and no acute infections since childhood 
He had been a moderate smoker but had never used liquor He dated the onset 
of his present illness to an attack of influenza in October, 1921, although he had 
not felt well since December, 1920, w'hen, after some exertion, he had had a brief 
attack of dizziness, confusion and a feeling of prostration About October, 1921, 
he began to suffer from distressing paresthesias, with numbness in the feet, 
legs and hands He became nervous, anxious and irritable and had some diz- 
ziness He had de^ eloped difficulty in using his fingers for finer mo^ements, 
and his gait had become uncertain He had had no headache or convulsue 
attacks, no disturbances of the special senses, and he gave no history of diges- 
tive disturbances or any loss of w^eight Gastric analysis was made because of 
the paresthesias and evident cord changes and showed free hydrochloric acid 
absent at thirtj and forty- five minutes after an Ew'ald test breakfast after 
which time the stomach w'as found empty 

The patient w'as seen again on Dec 16, 1922 He had deteriorated mentall}, 
w^as restless and irritable and unable to work He showed increasing signs ot 
mvohement of the pyramidal tracts and complained \ery much of paresthesia 
The blood count at this time, confirmed by a second count the next day, showed 
a normal morphologic appearance and leukocyte count, but the color index w^as 
high, the red cells numbering 2,576,000 and the hemoglobin 70 per cent 

On April 9, 1923 it wms reported that the paresthesia persisted and involved 
the hands, feet, legs and abdomen He continually rubbed the thumb against 
the fingers Strength was fairly good, but he showed a rather pronounced 
spastic paraplegia There were no ataxia, no tremors and no cranial neive 
palsies Hast year he took 30 drops of dilute hydrochloric acid with meals for 
several months after w'hich he discontinued it The blood count wdien 
examined showed red cells 2,768,000, hemoglobin, 73 per cent, differential 
leukoci te count normal , no nucleated red cells, slight anisocytosis, no poikilo- 
cjtosis and no basophilic degeneration 

THE PATHOLOGY AKD SYMPTOMATOLOGY OF COMBINED SCLEROSIS 

OF THE SPINAL CORD 

Combined sclerosis of the spinal cord is characterized anatomically 
b} degenerative lesions in the posterior and lateral columns and the 
aftected aieas are unlike those occurring in any other disease in that no 
neuroglial increase folloivs the degeneration Collier, in his recent 
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a peisonal conimunicalion fiom Di J F Wilkinson, of Melbourne, 
uho found achlorlndiia in a patient with digestive disturbances one 
}ear befoie the fiist sign of combined spinal sclerosis appealed 

For pui poses of contiol, Hurst and Bell made gastiic analyses m a 
senes of eurht consecutive cases of disseminated scleiosis and nine con- 

o 

secutue cases of tabes doisahs In these seAenteen cases, achlorhydiia 
was not found, except in one tabetic peison When the w^ell-knowm 
frequenc} of aclnha gastnca is consideied. no special importance can 
be attached to this one case out of se\enteen These authois say furthei 

In three recent cases, wlncli presented featurcb ^crJ suggests c of subacute 
combined degeneration, a normal cur\c of gastric aciditj was disco\ercd Each 
cvcntualh pro\cd to be a case of sephihtic disease of the spinal cord Ihese 
cases arc analagous with two others, the onlj cases in Gu\’s Hospital in wdiich 
a diagnosis of Addison's anemia had been made in spite of the fact that free 
Indrochlonc aeid was picsent in the stomach At the postmortem no evidence 
ol hemohsis s\as present, one hciiig found to ha\e infectne endocarditis, and 
the other, who died of lobar pneumonia, ha\mg inicioscopical changes m the 
spleen which were tjpical of Hodgkin’s disease 

For the past seteial tears, as indicated b} the accompanjing case 
histones, I hate been gieatlt mteiested in ni} obsertation that achylia 
gastnca was an almost intaiiable finding in patients with aciopaies- 
thesias and stmptoms of combined spinal scleiosis In fact, this 
relationship impressed me as being as constant as the finding of 
achloihtdna in patients sufienng from peimciotis anemia During 
this period, the diagnosis of combined spinal sclerosis tvas made in the 
case of one patient who shotved fiee htdrochlonc acid present m the 
gastric contents This patient howevei, w^as seen only once, and 
because of insufficient obseivation the opinion foimed of his neurologic 
lesion was not consideied conclusue A ceitain pioportion of persons 
with ach}ha gastnca ha^e few, if an} gastio-intestinal symptoms, and 
in fice of the seven cases repoited in this article it w^as the paiesthesias, 
and not ain abdominal complaint, that caused us to make the gastric 
anal} ses 

As IS w^ell knowm and illustrated b} the case reports in this aiticle, 
combined spinal scleiosis occurs in man} persons wdio present no 
evidence of pernicious anemia Woltmann - states that onl} one third 
of the patients sufienng from subacute combined scleiosis of the spinal 
cord seen at the Mayo Clinic w^ere found to have pernicious anemia, 
and quotes von Voss (1897) as finding about the same proportion of 
cases of pernicious anemia m a senes of collected cases of combined 
spinal sclerosis In my senes of tw'’enty-mne patients wuth combined 
spinal sclerosis, all of whom showed an achlorh-s di la, there were f oui teen 
instances of unquestioned pernicious anemia Seveial wuiteis, among 
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hydrochloric acid in the gastric contents of 104 out of 107 patients 
suffering fiom pernicious anemia Heie, again, the older writers were 
inclined to attribute the achlorhydria to the anemia, and the view con- 
tinues to be expressed that pernicious anemia causes gastric anacidit} 
That such an opinion is erroneous would seem, however, to be 
abundantly proved b} the accumulated reports in the literature of cases 
in which it has been shown that persistent achylia gastrica precedes by 
months or }ears the onset of pernicious anemia, also, by the fact that 
the achlorh}dria persists throughout periods of remission in pernicious 
anemia , and again by the fact that there is no constant curve of gastric 
secietion in other forms of severe anemia, and that the most pronounced 
secondary anemias, as a rule, do not show achlorhydiia Finally, and 
this seems concltisne, pernicious anemia has subsequentl)'^ developed in 
certain patients following the artificial ach}lia induced by total gastrec- 
tomy for the relief of gastric caicinoma, without evidence of recurrence 
of the malignant disease Such a case has been leported from the 
Mayo Clinic b\ Hartman,^ and five such instances are mentioned b} 
Hurst and Bell in their aiticle referred to below Aheady ceitam ani- 
mal experiments aie under wa\ by my colleagues. Dr Haskell and 
Dr Courtney in the department of physiology of the Medical College 
of Virginia, to determine the blood changes that may follow total 
gastrectomy in dogs 

RELATIONSHIP OP ACHYLIA GASTRICA TO COMBINED SCLEROSIS 

or THE SPINAL CORD 

The relationship of achylia gastrica to pernicious anemia having 
been established, as well as the association of pernicious anemia with 
combined spinal sclerosis, it is strange that the relationship of achylia 
gastrica to combined spinal sclerosis was not noted long ago Careful 
search of the literature failed to elicit any reference to this interesting 
association until recently when my attention was directed to the excellent 
and conclusu e monograph of Arthui F Hurst and J R Bell ° These 
authors report eight cases of combined spinal sclerosis, in all of which 
gastric anal) SIS, bj the fractional method, showed an absence of fiee 
hydrochlonc acid The test was repeated in three of the cases with the 
same result They quote L F Barker® as having found complete 
achlorhydria in two cases of combined spinal scleiosis, and also mention 

4 Hartman, H R Blood Changes in a Gastrectomized Patient Simulating 
Those in Pernicious Anemia, Am J M Sc 162 201, 1921 

5 Hurst, A F , and Bell, J R The Pathogenesis of Subacute Combined 
Degeneration of the Spinal Cord, with Special Reference to Its Connection with 
Addison’s (Pernicious) Anemia, Achlorh 3 dria and Intestinal Infection, Brain 
45 pt 2, 266, 1922 

6 Barker L F Funicular Mjelitis, or Combined Sclerosis of the Spinal 
Cord, Med Clin of N America 2 1551, 1919 
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451 ca‘'es oi aclnlia gastnca occuued in a senes of 4,281 conseeutive 
pin ate jiatients siibiccted to gastiic analysis, thus showing an incidence 
ot 10 5 pci cent ) 

In othei peisons houe\ei, toxins aie evidently pioduced eithei 
froiu hacteiial dccoinpositiou of the food that enteis the intestines 
unpicpaied in the usual gastiic digestion, oi fioin bacteria fiom the 
month and tin oat that pass thiough the achylous stomach uninhibited 
bv tlie acidit} of the noimal gastiic juice Of such toxins, one laiiety 
mai h.ne an especial affinity for the bone maiiow oi othci hemopoietic 
oigans and gne use to a hemolytic foim of anemia, while anothei may 
e\cit Its cftcct on the nervous tissues nith a point of iiilnei ability m 
the postciioi and laleial columns of the spinal coid In one peison 
the hcmohtic toMii picdominates, in anothei patient the neuiotoxin is 
cliicjl\ mam felted, niiile m not a few cases theie is e\idence of a 
reaction to both toxins as is seen in the adxanced case of pernicious 
anemia \Mth coid changes 

The chief significance of this icpoit of certain cases of combined 
sciciosi" ol the spm.il coid associated with achclia gastnca, confiiming 
alnindantl) the publnhcd findings of Hurst and Bell, is that it would 
'-eem to shed considerable light on the etiologc of peinicious anemia 
In combined spinal scleiosis we also find achloihydiia as an essential 
predisposing cause, a most constant factoi that is lacking m certain other 
degenci.Uiv e lc^lons of the spinal cord, such as disseminated scleiosis 
and tabes dorsalis In fact, as Hurst and Bell emphasire, the piesence 
of free hcdrochlonc acid in any fraction of a test meal is probabl}' a 
decisne point against the diagnosis of combined spinal sclerosis m a 
doubtful ca'^c The frequent association of combined scleiosis of the 
‘spinal cord and iiernicious anemia would indicate that the absence of 
the piotective pouer of the noimal gastiic juice may permit the elabora- 
tion of lioth a neuiotoxin and a hemolytic toxin Hence, combined 
sjimal sclerosis and pernicious anemia may coexist in the same patient, 
or eiihei disease ma) arise separately, depending on the chaiacter and 
amount of the toxins produced 

IMain wiiteis, especially those from Guy’s Hospital, where Addison 
reported the first recoided cases of pernicious anemia, have emphasized 
the piesence of oial sepsis m this disease evei since Huntei hist drew 
attention to the subject over twenty 3 ^ears ago Alveolar infection 
was noted in all of the eight cases of achlorhydria and combined spinal 
sclerosis reported by Plurst and Bell, and refeience to my present cases 
shows that infection about the teeth was present m six of the se\en 
jiatients In this connection it may be significant to note that Hurst 
and Bell recovered a streptococcus from the duodenum with the Einhorn 
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them Cadwalader ‘ ha\ e sho^^ n that continued observation of patients 
suffering from combined spinal sclerosis will demonstrate the subse- 
quent development of the charactei istic clinical and hematologic pic- 
ture of pernicious anemia m a large proportion of the cases 

THE PATHOGENESIS OF COMBINED SCLEROSIS OE THE SPINAL CORD 

In the most authoritative description of subacute degeneration of 
the spinal cord b}- James Colliei/ published as recently as 1921, it is 
stated that 

Little IS known of the causal factors of the disease, and in the majority of 
the recorded cases the patients have been strong and healthy until the onset of 
nervous symptoms In a considerable number of cases, however, symptoms 
pointing to gastro- intestinal infection, such as vomiting, diarrhea, anorexia or 
constipation, have been prominent before the onset of the nervous symptoms 

The fadure of clinicians to recognize the almost invariable associ- 
ation of achylia gastnca with combined sclerosis of the spinal cord has, 
no doubt, been due, as Huist and Bell point out, to the fact that this 
nervous disorder has been chiefly investigated by neurologists, who 
were only interested in a minoi degree in the associated anemia or 
gastro-iiitestinal disturbances, while, on the other hand, the spinal 
changes observed in pernicious anemia haie been investigated chiefly 
by physicians, whose interest was in the anemia rather than m the 
spinal disease The significant feature of the monogiaph of Hurst 
and Bell is the fact that they discuss the two groups of cases, com- 
bined spinal sclerosis and pernicious anemia, from a common stand- 
point, and that they endeaior to show that both depend on the same 
underlying pathologic processes, namely, oral sepsis, absence of free 
h}drochlonc acid from the stomach contents throughout digestion and 
consequent intestinal infection and intoxication 

In spite of the expressed views of many wi iters who continue to 
reiterate the earlier contused state of our knowledge regarding the 
etiology of pernicious anemia, there is every reason to believe that 
achylia gastnca not only accompanies and precedes the development of 
this malady, but that it is an essential predisposing cause The 
secretion of hydrochloric acid by the stomach is one of Nature’s chem- 
ical defences against infection, and it is most probable that in all cases 
of persistent achylia gastnca there ensues, sooner or later, a chronic 
intestinal toxemia This toxemia must be tolerated by many persons 
for long periods of time, as achlorhydria is a common finding (My 

7 Cadwalader, W B Early Appearance of Symptoms of Combined 
Sclerosis of the Spinal Cord and Subsequent Development of Severe Anemia, 
Pennsyhania M J 24 692, 1921 
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has a potential ca^c of eithci pci melons anemia oi combined scleiosis of 
the spinal toid 1 am eqnalh coininced that tieatment, while 
encouraging m patients luiMiig paiesthcsias and s}mptonis of pyramidal 
tract degeneration without anemia, Imds its gieatest usefulness as a 
propln lactic measure In othci woids. eveti peison with an achlor- 
Indna should leccive icgulai and adequate amounts of h 3 fdiochloric 
acid with c\ei\ meal, and thi-^ lemcdN should not be omitted oi dis- 
continued unless it can be shown In a subsequent gastiic anahsis that 
the stomach has icncwed its secietoix acti\it\ 

IRrVTMI'NT I'l COMniNLl) scLrUOSlS 01 Tin: SP1N\L CORD 
\ND llir ASSOCIVTUD VCIULTC G \STR1C \ 

The essential pait of the treatment in e\cr\ patient with aclnlia 
gastnea is ihc artificial leplaccment of the hjdrochloiic acid secretion 
in the stomach This is icadih accomplished b\ administering dilute 
indiochlonc acid with each meal The mattei of dosage is of much 
impoitance. and the phaimacopeal lecommendation of 10 to 15 minims 
(0 6 to 0 9 cc) is obsolete and cntiicU inadequate Foi the past 
fifteen \eais it has ])cen nn custom to Older one teaspoonful of the 
ofticial dilute li^dioclilonc acid, well diluted witli each meal and aftei 
the lutioduction of the duodenal tube in making loutine gastiic anahses 
In the fractional method 1 satisilcd nnself, expeiimentall) that this 
dose was sufficient In certain cases howc\cr, in addition to one 
tcaspoonful of the acid with meals I have oideied a second teaspoonful 
to be taken one-half hour aftei the meal Hiiist and Bell lepiodiice 
ceitain charts to illustiate that a chain and a half (5 85 gm ) of dilute 
Indrochloric acid are iec|uiied in oidei to compensate foi the deficienci 
of gastiic iiiicc and slate that the acid should be added in the piopoition 
of 1 diam (3 9 gm ) to 4 ounces (1244 gm ) of w^atei m oidei to 
make a beveiage, the acidit) ol which is about the same as that of 
gastric juice The acid is best administered in buttermilk but ma} be 
taken in sweetened lemonade oi oiangeade, oi in iced tea It is a 
rathei unpleasant dose in plain w'ater The acid-containmg beceiage 
IS sipped during the couise of the meal, and part of it ma} be reserved 
foi tlie tw’cnt} or thirty minute period followmig the meal The 
administration of pepsin, panel eatm oi othei digestive feiments, wdiile 
quite appropriate, has never appeared to be of any special value and 
I rarely employ them in these cases I have found that it is advisable 
to piohibit eating between meals except for indulgence m acid fruits, 
wdiich may be taken fieely Butteimilk, either the iiatuial article oi 
milk wdiich has been artificially souied with lactic acid bacilli, ma} 
also be taken at any tune, and is not only w'ell toleiated in cases of 
achlorhydria, but seems also to be paiticulaih helpful 
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tube in seven consecutive cases of pernicious anemia and in four con- 
secutive cases of combined spinal sclerosis, while the same organism 
was recovered in only three out of twenty-six control cases 

PROGNOSIS IN PERNICIOUS ANEMIA AND IN COMBINED 
SCLEROSIS OF TRIE SPINAL CORD 

A point that should be emphasized is that true ach}lia gastrica is 
a persistent and probably permanent condition I ha\e had undei 
frequent observation a woman, now^ 52 years old, m whom I first found 
an achloihydria in January, 1909, and in whom fifteen consecutive 
gastric analyses m the intervening years have continued to show the 
absence of free hydrochloric acid This patient has taken dilute 
hydrochloric acid m teaspoonful doses with meals regular!} for the 
past fourteen years and has never shown any anemia oi spinal cord 
changes In common -with all other clinicians, how'ever, pernicious 
anemia has continued to be a fatal disease in my observation, with 
the possible exception of one most interesting patient who had an 
achylia gastrica in 1914, again in 1917, associated wnth a chaiacteristic 
picture of pernicious anemia, intensive hydrochloric acid therapy since 
1917, and a normal blood picture in 1923, although the ach}lia gastrica 
peisists 

The outlook in cases of combined spinal sclerosis unassociated with 
pernicious anemia has impressed me as being much more favorable, 
that is, in those cases m which the achylia gastrica is recognized and 
appiopnate treatment instituted As mentioned in the foiegoing, 
among the seven patients that form the basis of this article, one is sub- 
jective!} cured, two are apparently well and one is greatly improved 
These subjective results are particularly interesting m that the degen- 
eratne lesions in the spinal cord are probably permanent and the 
physical signs peisist or gradually recede Hurst and Bell state that 
sufficient time had not elapsed at the time of their publication to report 
the final results of treatment, but that in tw'o of their cases there had 
been no increase in the nervous symptoms, and that in one of these 
patients the tingling of the feet and hands had almost disappeared 
and the ataxic and spastic gait had greatly improved, although the 
phjsical signs were unaltered 

These results in the expected outcome in combined sclerosis of 
the spinal cord are in striking contrast to the former views on this sub- 
ject In fact Collier in his authoritative monograph already referred 
to, w'Htes in 1921, that “There is no evidence that recovery fiom this 
disease occurs in an} ot its stages ” 

Taking into consideration all the various factors already enumerated, 
I am firmly convinced that e^ery person suffering from ach}ha gastrica 



VAXDERIJ OOF— SCLEROSIS OF SPL\AL CORD 


971 


]mpio\ecl Thcic is good leason to belle^e that e\eiy person \Mth 
tiue aclnha gastnca has a potential case of eithei pernicious anemia oi 
combined spmal sclerosis iSIoie emphasis should be placed on the 
importance of adequate Indiochloric acid theiapi as an essential 
propln lactic measure m e\ei\ case of aclnlia gastiica 
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Chrome foci of infection should always be sought for and eiadi- 
cated if possible Chronic infection m the gallbladder is a rather fie- 
quent associated lesion in patients with achlorhydria Chronic chole- 
cystitis Mas diagnosed in forty-nine of my 451 achylia cases, an 
incidence of 10 8 per cent , and was suspected in certain additional 
cases Infection about the teeth and in the tonsils and accessory nasal 
sinuses, chronic appendicitis and chronic infection in the urinary tract 
are frequently to be found, and the possible special significance of oral 
sepsis has been emphasized above 

In combined sclerosis of the spinal cord, Muth the exception of 
the control of the associated achlorhydria, the treatment is puiely 
sy mptomatic Massage and graduated exercises may be employed, and 
sedatives may be used if necessary Special treatment directed toward 
an accompanying anemia Will not be discussed here, except to emphasize 
again that every person until a true achylia gastnea has a potential case 
of either pernicious anemia or combined sclerosis of the spinal cord, 
and that adequate tieatment until hydrochloric acid m such instances is 
a prophylactic measure of the greatest value in combating the hemolytic 
toxins and neurotoxins that sooner or latei become manifest in probably 
e\ery case 

SUMMARY 

In a study of 451 consecutive cases of achlorhydria, there were 
twenty-nine persons with definite evidence of combined scleiosis of the 
spinal cold Of these twenty-nine patients, fourteeen had pernicious 
anemia, one had pellagia and in seven the observations were incomplete, 
leaving seven patients that foim the basis of this report 

Combined sclerosis of the spinal cord has been regarded as a dis- 
ease of obscure etiology'^ and hopeless prognosis The study of these 
seven cases would seem to show, howevei, that achlorhydria not only 
precedes and accompanies the development of this nervous disorder, 
but that it IS in all probability an essential predisposing cause Achylia 
gastnea thus appears to be as constant a finding in combined spinal 
sclerosis as in pernicious anemia In one instance neuiotoxins, in the 
other hemolytic toxins, aie evidently produced in the intestinal tract 
of the person uhose stomach lacks the protective or inhibitory action 
of the normal hydrochloric acid secretion 

The prognosis in patients suftenng from combined sclerosis of the 
spinal cord not accompanied by pernicious anemia, appears to be 
favorabl) influenced by persistent treatment with full doses of hydro- 
chloric acid, together with the removal of such foci of chronic infec- 
tion as may be found Of the seven patients discussed in this report, 
one IS subjectively cured, tuo are apparently well, and one is greatly 
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RECOVERY RECORD FOR USE IN TUBERCULOSIS By Ger\ld B 
Webb, M D , President, Colorado School of Tuberculosis, and Charles 
T R\der, MD Cloth Price $200 Pp 80 with 100 record forms attached 
Neu York Paul B Hoeber, Inc, 1923 

Carefully written, optimistic throughout, admirably compiled, brief, accurate 
in its statements, none of which are so technical or involved as not to be easily 
comprehended by the arerage patient, and particularly offering a reasonable 
common sense explanation for each and every suggestion made, tins volume 
should be helpful to both patient and physician 

Any intelligent tuberculous patient would profit greatly by reading 
this book, and e\erj' patient who is being treated at home should have the 
opportunit} to read and reread its contents The latter portion consists of 
iieekly record charts for recording the temperature, pulse rate, weight, general 
notes, and questions to ask the phvsician during his visits There are enough 
of these charts to co\er a period of two years 

ENVIRONMENT ^ND RESISTANCE IN TUBERCULOSIS By Allen 
K Kri^lse, \M, MD, Editor-in-chief, The American Review of Tuber- 
culosis Cloth, semi-flexible Price, $1 50 Pp 144 Baltimore Williams 
Y V ilkins Company, 1923 

This book IS divided into two sections one on environment, the other on 
resistance The first section — that on environment — is the revision of an address 
delivered m 1920 and published in the Ainciican Reviciv of Tuberculosis in the 
same jear It w^as originally prepared as part of a symposium on the topic “The 
Basic Cause of Breakdown w'lth Tuberculosis Is it Malnutrition? Is it 
Hereditv? Is it Environment?” The study of environment as an etiologic and 
determining factor in the dev elopment or progress of tuberculosis in an indi- 
vidual or community is discussed from the standpoint of nutrition, hygiene, 
occupation, family^ and social status, influence of trauma, intercurrent disease 
both acute and chronic, political and racial environment, etc 

The major portion of the test is devoted to the subject of “Resistance,” and, 
likewise, IS an elaboration of several addresses on “The Nature of Resistance 
to Tuberculosis,” all of which have been published in the American Rcviezv of 
Tubei culosis or the Journal of the Outdooi Life Specific and nonspecific factors 
concerned in resistance are thoroughly discussed In the first group the subject 
of allergy in tuberculosis is presented clearly and concisely, while in the second 
group the question of the nature etc of the tubercle, as well as the influence 
of accidental factors,' are considered Irom various angles 

Physicians and others interested in the study and treatment of tuberculosis 
will find the author's presentation of these important topics thorough and 
original 
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